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Introduction 


Since the original printing if this material, Monolithic Memories has merged with Advanced Micro Devices. 
References in this handbook to either company now pertain to the new combined entity, 
which markets all products under the AMD name. 
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FIFO 


TERESI 


Ordering Information 


C 67 L 4XXX D NL 


CASCADABILITY* — 
CC. = Cascadable Bipolar 
Blank = Standalone Bipolar 


PACKAGE 
- N= Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded 
Chip Carrier 


TEMPERATURE CODE 
57 = Military. 
67 = Commercial - SPEED 


Blank = Standard. 


TECHNOLOGY — _ A/B/D = Enhanced 
Blank = Bipolar -35 = 35nst, 
L = Low Power Bipolar -50 = 50nst, 
C = CMOS -65° =65nst, 


| -80 = 80nst, 
DEVICE NUMBER : 


* All CMOS devices are cascadable 


First-In First-Out (FIFO) Devices 


First-In First-Out (FIFO) 


Devices 


Low Application 


FIFOs 


Bidirectional 
FIFO 
67CXXX 


FIFO RAM 
Controller 


Serial 
FIFO 


Features and Benefits 


Low Density CMOS FIFOs (64x4/5) 


Zero standby power consumption 

RAM-based technology with fast access times 
Three-state output and status flags 
Expandable in width and depth 


High Density CMOS FIFOs (1/4K, 1/2K, 1Kx9, 2Kx9) 


Low power consumption — 60 mA max 
Status flags — Half-full, Empty, Full 
Asynchronous and simultaneous read/write. 
Expandable in width and depth 


‘Competitive Cross Reference Guide _ 


CYPRESS 
CY7C401-5 PC 
CY7C401-5 DC 


CY7C401-10 PC 
CY7C401-10 DC 


CY7C401-15 PC 
CY7C401-15 DC 


CY7C402-5 PC 
CY7C402-5 DC 


CY7C402-10 PC 
CY7C402-10DC 


CY7C402-15 PC 
CY7C402-15 DC 


CY7C403-5 PC 
CY7C403-5 DC 


CY7C403-10 PC 
CY7C403-10 DC 


CY7C403-15 PC 
CY7C403-15 DC 


CY7C404-5 PC 
CY7C404-5 DC 


CY7C404-10 PC 
CY7C404-10 DC 


CY7C404-15 PC 
CY7C404-15 DC 


CY7C412-40 PC 
CY7C412-40 DC 
CY7C412-40 JC 


CY7C412-65 PC 
CY7C412-65 DC 
CY7C412-65 JC 


CY7C424-40 PC 
CY7C424-40 DC 
CY7C424-40 JC 


CY7C424-65 PC 
CY7C424-65 DC 
CY7C424-65 JC 


DALLAS 
SEMICON- 
DUCTOR 


DS 2009 
DS 2010 


IDT 


IDT 7200 S/L-35 P 
IDT 7200 S/L-35 D 


IDT 7200 S/L-35 J 
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AMD/MMI 


67C401-10N 
670401-10J 


67C401-10N 
67C401-10J 


67C401-15N 
676401-15J 


67C402-10N 
67C402-10 J 


67C402-10 N 
67C402-10 J 


67C402-15N 


-67C402-15 J 


67C4013-10N 
6704013-10 J 


67C4013-10N 
67C4013-10J 


6704013-15N 
6704013-15J 


67C4023-10 N 
6704023-10J 


67C4023-10N 
6704023-10J 


67C4023-15 N 
6704023-15 J 


67C4501-35 N 
67C4501-35 J 
67C4501-35 NL 


67C4501-65 N 
67C4501-65 J 
67C4501-65 NL 


67C4502-35 N 
670 4502-35 J 
6704502-35 NL 


67C4502-65 N 
67C4502-65 J 


— 6704502-65 NL 


AMD/MMI 


6704501 
6704502 


AMD/MMI 


67C4500-35N 
67C4500-35J 
67C4500-35NL 


IDT 7200 S/L-50P 
IDT 7200 S/L-50 D 
IDT 7200 S/L-50 J 


IDT 7200 S/L-65 P 
IDT 7200 S/L-65 D 
IDT 7200 S/L-65 J 


IDT 7200 S/L-80 P 
IDT 7200 S/L-80 D 
IDT 7200 S/L-80 J 


IDT 7201 SA/LA-120 P- 
IDT 7201 SA/LA-120 D- 


} IDT 7201 SA/LA-120 J 


IDT 7201 SA/LA-80 P 
IDT 7201 SA/LA-80 D - 
IDT 7201 SA/LA-80 J 


IDT 7201 SA/LA-65 P_ 
IDT 7201 SA/LA-65 D 
IDT 7201 SA/LA-65 J 


IDT 7201 SA/LA-50 P 
IDT 7201 SA/LA-50 D 
IDT 7201 SA/LA-50 J 


IDT 7201 SA/LA-35 P > 
IDT 7201 SA/LA-35 D 
IDT 7201 SA/LA-35 J 


IDT 7201 S/L-120 P 
IDT 7201 S/L-120 D 
IDT 7201 S/L-120 J 


IDT 7201 S/L-80 P 
IDT 7201 S/L-80 D 
IDT 7201 S/L-80 J 


IDT 7201 S/L-65 P 
IDT 7201 S/L-65 D 
IDT 7201 S/L-65 J 


IDT 7201 S/L-50 P 
IDT 7201 S/L-50 D 
IDT 7201 S/L-50 J 


IDT 7202 SA/LA-120 P 
IDT 7202 SA/LA-120 D 
IDT 7202 SA/LA-120 J 


IDT 7202 SA/LA-80 P 
IDT 7202 SA/LA-80 D 
IDT 7202 SA/LA-80 J 


IDT 7202 SA/LA-65 P 


IDT 7202 SA/LA-65 D 
IDT 7202 SA/LA-65 J 


IDT 7202 SA/LA-50 P 
IDT 7202 SA/LA-50 D 
IDT 7202 SA/LA-50 J 


IDT 7202 SA/LA-35 P 
IDT 7202 SA/LA-35 D 
IDT 7202 SA/LA-35 J 


67C4500-50N 


67C4500-50J _ 
67C4500-50NL 


67C4500-65P — 
67C4500-65J 
67C4500-65NL 


-67C4500-80 N 


67C4500-80 J 
67C4500-80 NL 


67C4501-80 N 
67C4501-80 J 


~6704501-80 NL 


67C4501-80 N 
67C4501-80 J 
67C4501-80 NL 


| '67C04501-65 N 


67C4501-65 J 
67C4501-65 NL 


‘6704501-50 N 


67C4501-50 J 
67C4501-50 NL 


67C04501-35 N 


—6704501-35 J 


67C4501-35 NL 


~ 67C4501-80 N 


67C4501-80 J 
67C4501-80 NL 


67C04501-80 N 
67C4501-80 J 
67C4501-80 NL 


67C4501-65 N 
67C4501-65 J 
67C4501-65 NL 


67C4501-50 N 
6704501-50 J 
67C4501-50 NL 


67C4502-80 N 
67C4502-80 J 
67C-4502-80 NL 


67C4502-80 N 
67C4502-80 J 
67C4502-80 NL 


67C4502-65 N 
67C4502-65 J 


~ -67C4502-65NL| 
Til. 


67C4502-50 N | 
67C4502-50 J 
6704502-50 NL 


- 67C4502-35 N 


67C4502-35 J 


-6704502-35 NL 


IDT 7202 S/L-120 P 


IDT 7202 S/L-120 D 


IDT 7202 S/L-120 J 


-IDT 7202 S/L-80 P 


IDT 7202 S/L-80 D 
IDT 7202 S/L-80 J 


IDT 7202 S/L-65 P 
IDT 7202 S/L-65 D 
IDT 7202 S/L-65 J 


IDT 7202 S/L-50 P 
IDF 7202 S/L-50 D 
IDT 7202 S/L-50 J 


IDT 72401 L-10 P 
IDT 72401 L-10D 
IDT 72401 L-10J 


IDT 72401 L-15 P 
IDT 72401 L-15 D 
IDT 72401 L-15 J 


IDT 72402 L-10 P 
IDT 72402 L-10 D 
IDT 72402 L-10 J 


IDT 72402 L-15 P 
IDT 72402 L-15 D 
IDT 72402 L-15 J 


IDT 72403 L-10 P 
IDT 72403 L-10 D 
IDT 72403 L-10 J 


IDT 72403 L-15 P 
IDT 72403 L-15 D 
IDT 72403 L-15 J 


IDT 72404 L-10 P 
IDT 72404L-10D — 
IDT 72404 L-10 J 


IDT 72404 L-15 P- 
IDT 72404 L-15 D 
IDT 72404 L-15 J 


MOSTEK 


MK 4501-65 N 
MK 4501-80 N 


MK 4501-100N 
MK 4501-120 N 


SN74S225N . 
SN74S225J 
SN74ALS236J) 


SN74ALS235J 


SN74ACT7202 N 


67C4502-80 N 
67C4502-80 J 
67C4502-80 NL 


67C4502-80 N 
67C04502-80 J 
67C4502-80 NL 


67C4502-65 N 
67C4502-65 J 
67C4502-65 NL 


67C4502-50 N 
67C 4502-50 J 
67C4502-50 NL 


67C401-10N 
67C401-10J 
67C401-10 NL 


67C401-15N 
67C401-15J 
67C401-15 NL 


67C402-10N 
670402-10 J 
67C402-10 NL 


67C402-15N 
67C402-15 J 
67C402-15 NL 


67C4013-10N 
6704013-10J 
67C4013-10 NL 


6704013-15N 
670C4013-15 J 
6704013-15 NL 


67C4023-10 N 
6704023-10 J 
67C4023-10 NL 


67C4023-15N 
67C4023-15 J 
67C4023-15 NL 


AMD/MMI 


67C4501-65 N 
6704501 -80N 
67C4501-80 N 
6704501 -80 N 


_ AMD/MMI 
_ 74S225N 


748225 J 
67411AJ 


. 67413AJ 


67C4502N 


FIFO IC Selector Guide (COM) 


Low Density FIFOs 


OO NNNNONNNO NO NOWDWDWDWDOIWWWIOIWWDWOIWOWIOODW 


DUNWWWWDW 


Notes: 
Technology: 
B — Bipolar 
C —CMOS 


Part Organ- 
Number ization 


748225 
74S225A 
C67401 
67401 
C67401A 
67401A 
C67401B 
67401B _ 
C67L401D 
C67L4013D 
C67402 
67402 
C67402A 
67402A 
C67402B 
67402B 
C67L402D 
C67L4033D 
67C401-10 
67C401-15 
67C4013-10 
67C4013-15 
67C402-10 
67C402-15 


67C4033-10 
67C4033-15 


67414 
67411A 
67412 
67412A 
67413 
67413A 


C- Cascadable 
S — Standalone 


Type 


eX@) 


ANNNNDND DADADANDIAADAIDIADAINDIAINDIDAVRHIRHRIHAIDAIANANHIAMHINMNO 


PackageType: 
N — Plastic 

J — Ceramic 
NL — PLCC 


Package 
Type 


eeeece 
ZZZZ 
i 7 F 


cca ac c 
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zz 
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- 


Zzzzzzzzz22Z2 
te oi ee i ei 


cecececeecoce ce 
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222222222 222°5°6¢6C¢222206°¢ 222222 
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caQqjanacu ce 


18, 20 (NL) 
18, 20 (NL) 


Features: 
TSO — Three State Output 
TPO — Totem Pole Output 


Features 


TPO Low Power |, = 24 mA 

TSO Low Power |,, = 24 mA 

TPO 

TPO 

TPO 

TPO 

TPO 

TPO | 

TPO Low Power |,, = 24 mA 

TSO Low Power |, = 24 mA, Status Flags 
TPO Low Power, RAM Based 

TPO Low Power, RAM Based 

TSO Low Power, RAM Based 

TSO Low Power, RAM Based 

TPO Low Power, RAM Based 

TPO Low Power, RAM Based 

TSO Low Power, RAM Based 

TSO Low Power, RAM Based 

TSO Low Power, RAM Based, Status Flags 
TSO Low Power, RAM Based, Status Flags 


TSO, Status Flags 
TSO, Status Flags 
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High Density FIFOs 


Part Organ- ; Package 
Number | ization MH Type | Features 


28, 32 (NL 
28, 32 ( 
28, 32 ( 
28, 32 ( 
( 
( 


) {TSO Access Time=80 ns, Status Flags 
) |TSO Access Time=65 ns, Status Flags 
) |TSO Access Time=50 ns, Status Flags 


67C4500-80 
67C4500-65 
67C4500-50 
67C4500-35 | 
67C4501-80 
67C4501-65 
67C4501-50 
67C4501-35 
67C4502-80 
67C4502-65 
67C4502-50 
67C4502-35 
67C4503-80 
67C4503-65 
67C4503-50 
67C4503-35 


“ 


2222222222222 222 
ae a ee Se eng, aie, ie, Se cane ay Sey ey ee eo 
2222222222222222 


~~ 


~“e 
ay ~~ 


7 
~~ 


) {TSO Access Time=35 ns, Status Flags 
) |TSO Access Time=80 ns, Status Flags 
) 
) 


~~ 
~~ 


28, 32 


N 
N 
N 
N 
28, 32 (N TSO Access Time=65 ns, Status Flags 
28, 32 (N TSO Access Time=50 ns, Status Flags 
NL). |TSO Access Time=35 ns, Status Flags 

N 

N 

N 


L 
L 
L 
L 
L 
L 
L 
L) |TSO Access Time=80 ns, Status Flags 
i 
L 
NL 
L 
L 
L 
L 


28, 32 ( 
28, 32 ( 
28, 32 ( 
28, 32 ( 
28, 32 (N 
28, 32 (N 
28, 32 (N 
28, 32 (N 
28, 32 (N 


~ 
~~ 


) 

) |TSO Access Time=65 ns, Status Flags 
) |TSO Access Time=50 ns, Status Flags 
) |TSO Access Time=35 ns, Status Flags 
) 
) 


~“ 
we 


- 
= 


~~ 
~ 


TSO Access Time=80 ns, Status Flags 
TSO Access Time=65 ns, Status Flags 
) |TSO Access Time=50 ns, Status Flags 
) |TSO Access Time=35 ns, Status Flags 
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QDNDDDDNDDDQN00N000 
QDNDDDQDDQQAQQQN0000 


Application Specific FIFOs 


Part | | Organ- | Max |, | Package . 
Number ization . Type | | } Features 


67417 64xm/9/1 | TSO Parallel/Serial, Status Flags 


674219 | 512-64K | ¢ as * TSO FIFO RAM Controller, 16-Bit SRAM 
m4 Address, Status Flags 


Bidirectional FIFO 


| Organ- Rate, | Max nee Package 


ization Type Features 


Notes: 

Technology: PackageType: | Features: 

B — Bipolar C — Cascadable N — Plastic TSO — Three-State Output 
C-—CMOS S — Standalone J -— Ceramic TPO — Totem-Pole Output 


NL — PLCC 


FIFO IC Selector Guide (MIL) 


Low Density FIFOs 


Tech- Part Organ- 
ee Number ization | Type 


C57401 
57401 
C57401A 
57401A 
57L401D 
57L4013D 
C57402 
57402 
C57402A 
57402A 
57L402D 
57C401-12 
57C04013-12 
57C 402-12 
5704023-12 
5704033-12 


© 
(= 
rm 


16, 20 (LCC) TPO 

16, 20 (LCC) TPO 

16, 20 (LCC) TPO 

16, 20 (LCC) TPO 
TPO Low Power |, = 12 MA 
TSO Low Power |,, = 12 MA 


ee ee 


18, 20 (LCC) 
18, 20 (LCC) 


— 


TPO Low Power |, = 12 MA 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based, 
Status Flags 

TSO, Status Flags 


& OoOoOdNdNDDWDWDWDWAWWAD 
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57413A 
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High Density FIFOs 
Tech- Part Organ- 
nology Number ization | Type 
Cc 57C4500-80 C TSO Access Time = 80 ns, Status Flags 
Cc 57C4500-65 C : TSO Access Time = 65 ns, Status Flags 
C 57C4500-50 C J TSO Access Time = 50 ns, Status Flags 
Cc C J TSO Access Time = 40 ns, Status Flags 
C C J TSO Access Time = 80 ns, Status Flags 
C C J TSO Access Time = 65 ns, Status Flags 
C C J TSO Access Time = 50 ns, Status Flags 
C C J TSO Access Time = 40 ns, Status Flags 
C C J TSO Access Time = 80 ns, Status Flags 
C C J TSO Access Time = 65 ns, Status Flags 
C C J TSO Access Time = 50 ns, Status Flags 
C 5704502-40 C J TSO Access Time = 40 ns, Status Flags 
Notes: 
Technology: PackageType: Features: 
B — Bipolar C — Cascadable N — Plastic TSO ~ Three State Output 


C — CMOS S — Standalone J — Ceramic TPO — Totem Pole Output 
NL — PLCC 
L —Leadless Chip Carrier 
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{67C4701:. +*~ Bidirectional: FIFO uscciscassscsceuctacecassecceds ccavdetnesanatandwncaveavetasciansonevaate 2-178 
Application Specific RAM-CMOS — | 
Am2130 1024x8 Dual-Port Static Random Access Memory ...........::0c:seseeee 2-179 
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First-In First-Out (FIFO) 64x4 64x5 
Standalone Memory 


67401 67401A 67401B 
67402 67402A 67402B 


Features /Benefits Ordering Information 


e Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates 
PART 


e Choice of 4-bit or 5-bit data width 
e TTL inputs and outputs (scapes ps: eae ee Lee 2 eee CREE Oe ee Se oe ae eee ene 
© Readily expandable in the word dimension only 67401 J,N,NL(20) 10MHz 64x4 FIFO 
e Structured pin outs. Output pins directly opposite | 10MHz 64x5_ FIFO | 
ideals ale ee ar 67402 J,N,NL(20) 10 MHz 64x5 FIFO 
e Asynchronous operation 67401A | J,N,NL(20) 15MHz 64x4 FIFO 
67402A | _ J,N,NL(20) 45MHz 64x5 FIFO 
67401B fd] Com | 16.7 MHz 64x4 FIFO 
67402B } J | Com | 16.7 MHz 64x5 FIFO 


Description 

The 67401 B/2B/1A/2A/1/2 are “fall-through” high speed First- in high speed tape or disc controllers and communication 
In First-Out (FIFO) memory organized 64 words by 4-bits and buffer applications. Word length is expandable; FIFO depth is 
64 words by 5-bits respectively. A 16.7 MHz data rate allows not expandable. 


usage in digtal video systems; a 15 MHz data rate allows usage 


Block Diagrams 


67401/A/B 64x4 67402/A/B 64x5 


5° FIFO 04 

D, 62x5 ie be Oy 

D S nearereale seers feel ) 

D; 7 STAGE STAGE 

Dg Sane el 

2 17 SHIFT 
OUTPUT a oae REGISTER OUTPUT - 
CONTROL [ JCONTROL re CONTROL 
ina LOGIC LOGIC LOGIC 


MASTER RESET ‘MASTER RESET 


Pin Configurations 


 67402A/B 64x5 


67401A/B 64x4 Nc J 1] 118} VCC 
vcc INPUT READY f 2 | SHIFT OUT 
SHIFT OUT SHIFT IN [ 3 | 


OUTPUT READY 


00 


O01 


02 


O03 


MASTER RESET 


Plastic Chip Carrier . 


67401B/2B Standalone | 


Absolute Maximum neunge 


Supply voltage Voc Wie thre Gee arsashy Ae aa os hed ier tA EN act bes hehe ST ee eee ne ay ee Sega in WNC d eee wenen ng ota inate eee weeee “LSE VIOTV 
IIDUEVONAGE® seis ciatsiarse teagan ache ceva Ov iensh inca pre enere Basen terroeecoe hs udtlna eens peat Oath eisoeis PIE POET Siete uaa: -15Vto7V_ 
Off-state output voltage ....... 0... eee eee cece eee Me eahih Se toRi tenon. yy Bhp ale a reracerac ea ratate Mice S68 tle -0.5Vto5.5V 
Storage temperature 2.0... ccc ccc cece cece eer eeteeeeeens ee ee ee Pree re ener: vaveees ~65° to +150°C 


Operating Conditions 


67401B/2B 67401A/2A - 67401/2 
SYMBOL PARAMETER | FIGURE MIN TYP MAX|MIN TYP MAX/MIN TYP MAX| 


[Veo | Swpvvotege ———SS*~YSS*«*dTS are 8 salar 8 58 
ta | Operating tecaremsertie | fo fo ——~SCafoSCSC 
a CC 
rte _[Shitintowsime «d+ fe ids Cid SSC«id 
SS OC CC 
rion | nputsaarotine | «didi 
Pisont | suit rigrne 8 fies 
risor_ | Srikowtowsime «dts fw Sia SSSCidmSSSSC*dCe 
rwaw | MaserResetpuse =i; = ifasSSSCidmSSSSCSC*idBSSSCS*de 
a a a a 


Switching Characteristics Over Operating Conditions 


jsvmeot| —__anaweven | Ficune | 1 ax une Sacer 
SO 
r 

: 
ewninis | MaserResetoiRHIGH | 10 | ——issy)SCS~SSSC« 
rapa | hputressypusenich | «ie —=idimSS*~wiSSCSC*~*«~dzCi 
[opi | ouparesy perio | 8 fi aed 


+See AC test and high speed application note. 


UNIT 


OV} Or} we | —t | — 


b > | @ ~ 1 GD | @ 
& co}; © “NO 
—_— —hk 
r=) a 
ph} lala p|p 
Or 1|O yo oO}; © 
—_y —_ 
© © 


Test aad 2 | S Input Pulse 0 to3 V | 
ae Input Rise and Fall Time (10% - 90%) 
eer 5 ns minimum | 
* The “TEST POINT” is driven by the output under test, TEST POINT* Measurements made at 1.5 V 
and observed by instrumentation. | : Ze | 


30pF 
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67401A/2A Standalone 


Absolute Maximum Ratings 


Supply VONAGE Vie cicsh caw ic cpatner steed gut ne wenen ened Gay nara ulehcee wasn. eee uaa Resa esee pene aes -05Vto7V 
[ADU VOMNAGS - s6p'n oho iu gen, ace oa akg ge psath cava cctars absence tp he @ ever We weaca gota as te wo rate Area erase ENE re si aia wi A A ge eG -15Vto7V 
ON-SIATS OUILDUL VONAGE 6 giz cc. aria B naar’ neo behest fe SeheusPae'g wee asbsals eyo Seas ga a ie MWS abate aS aeom a ag aearets eae gea aed wee -05Vto55V 
SlOrdaGe TEMIDEIAIUIe .k.0 0s Sia. Red ed ee een oe pew ere be bee A aa SO AWE Eee ROCHA eden ame eees -65° to +150°C 


Operating Conditions 67401A/2A 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP MAX UNIT 


‘Voc | Suppyvotage | 
Ta____| Operating free-airtemperature |_| 75 
23 2st 


2 | ns 

5 | ns 
Enea 
a ee 

2 [ns 

3 | ns 

[ns 


tSOL Shift Out LOW time 
Master Reset pulse 10 


i 
Out LOW ti 
0 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP 7 MAX UNIT 


Shift in rate 


Output Data Hold (previous word) 
Output Data Shift (next word) 


Data throughput or “fall through” 
tMRORL Master Reset to OR LOW 
twRIRH Master Reset to IR HIGH 

a 


Input Ready pulse HIGH | 
ik a iar ra 


Output Ready pulse HIGH 
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_ 6740172 Standalone 


Absolute Maximum Ratings % a 
Supply Voltage VG scciacctus aaahauawuwendae seh cnaeee ewe ew ed elise cs ebete ase aeentawaies aces -0.5Vto7V 


Input voltage .............00. Sie ted x salpspartnatat wane ses hel Edirne at avatet aie GAN Sica ee pte aes esa eters ee ere ee -15Vto7V 
Off-State Output VONAGE: ass givsicesiy hs easing aes aw aes oe petogen rere eo arene yaw oe ee wae Sle Race bens ... O5Vto5.5V 
Storage temperature ...... ccc cc cee cece nec eeeceeeeceeeeeeees ee ee er ee Seanieles ve 65° to +150°C 


Operating Conditions 67401/ 2 


[Vcc | Supplyvoltage | SS 5 5.25 
[Ta __| Operating free-air temperature || eS OS! 
ftsiut | ShiftinHiGHtime | 85s | 
rai ee eee oe 
ns 
45 Fetch aa ns 
‘tso.___| ShifttoutLowtime | | 85 nae 

‘tunw | MasterResetpulset = | to | sds | 
‘tvrs | MasterResettosi | tt Hts 


PARAMETER 


—k 


—_ 


Switching Characteristics 67401/2 over Operating Conditions 


SYMBOL _ PARAMETER | See | 


toRLt 
tORHT 
tODH 


Rs Seen ee ee ee 


2-6 


67401A/2A/1/2, 67401B/2B Standalone 


Electrical Characteristics over Operating Conditions - 


Nut Low-level Do-Dn, MR 
ne input current [SSO 


Voc = MIN 


VIH 
Vic 


Vcc = MAX V; 


lou = 8mA 


Voc = MAX 


67401A . 
All inputs low. 
All outputs open.| 67402A 

67401B 


67402B 


Supply current 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
+There are absolute voltages with respect to degree GND (PIN 8 or 9) and includes all overshoots due to test equipment. 


Functional Description 


Data Input | 

After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Dy inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 

_end of the device while empty locations will “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output | 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 


_ provided that stage has valid data, is shifted to the output stage. — 


When new valid data is shifted to the output stage, OR goes 


HIGH. If the FIFO is emptied, OR stays LOW, and O, remains as 
before, (i.e. data does not change if FIFO is empty). 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpt). 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitance and/or 
poor supply decoupling and grounding. We recommend a 
monolithic ceramic capacitor of 0.1 uF directly between VCC 
and GND with very short lead length. In addition, care must be 
exercised in how the timing is set up and how the parameters are 
measured. For example, since an AND gate function is asso- 
ciated with both the Shift In-Input Ready combination, as well as 
the Shift Out-Output Ready combination, timing measurements 
may be misleading, i.e., rising edge of the Shift-In pulse is not 
recognized until Input-Ready is High.If Input-Ready is not high 
due to too high a frequency or FIFO being full or affected by 
Master Reset, the Shift-In activity will be ignored. This will affect 
the device from a functional standpoint, and will also cause the 
“effective” timing of Input Data Time (t;p}H) and the next activity 
of Input Ready (tjR,_) to be extended relative to. Shift-In going 
High. This same type of problem is also related to tiRH, toRL 
and toRH as related to Shift-Out. 


67401A/2A/1/2, 67401B/2B Standalone — 
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SHIFT IN| 


INPUT READY 


INPUT DATA ‘ 
>| 


ips es. 


SHIFTIN 
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HX |) 
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| Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate (67401/2) 


SHIFTIN 


INPUT READY 
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Figure 3. The Mechanism of Shitting Data into the FIFO 


A 


Ca) Input. Ready HIGH indicates space is available and a Shift In pulse may be applied. 

(2) Input Data is loaded into the first word. | | 

(3) Input Ready goes LOW indicating the first word is full, - 

(4) The Data from the first word is released for “fall-through” to second word. __ . 

Ga) The Data from the first word is transferred to second word. The first. word is now empty as indicated by Input Ready HIGH. 
If the second word is already full then the data remains at the first wore Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored. (See Figure 4.) 


67401A/2A/1/2, 67401B/2B Standalone 


SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


C1) FIFO is initially full. 


(2) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) shit In is held HIGH. | 


(4) As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


() The Data from the first word is released for “fall through" to second word. 


6 A—______—__— I/fgyt ——______ AA——_—_—_—— i/fouylT—_____—_—_ > 


—a—— tsoH— tsoL 


OUTPUT DATA A-DATA CTXTAXTNTR B-DATA ¢ AVA} ( WA C-DATA 
rome) WAY) (| seme) ‘i 


SHIFT OUT 


OUTPUT READY 


Figure 5. Output Timing 


C) The diagram assumes. that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively. 


(2) Data is shifted out when Shift Out makes a HIGH to LOW transition. 
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67401A/2A/1/2, 67401B/2B Standalone 


100 ns 


100 ns 


SHIFT OUT 3 
OUTPUT READY 
- =p 


A-DATA ‘\ Att, V M M ) M | B-DATA W MWA) C-DATA 
tome I | comme IX | ee 
. 1) -45 ies 


Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate (67401/2) 


C) The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively. 


(2) Data in the crosshatched region may be A or B Data. 


SHIFT OUT 


OUTPUT READY - 


A 


Bureut DATA - 7 | : - A-DATA | y WANA B-DATA 
a, RAY 


j~—4-———- A OR B 


Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


G) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 
(2) Shift Out goes HIGH causing the next step. 
(3) Output Ready goes LOW. 


() Contents of word 62 (B-DATA) is released for “fall through” to word 63. 


Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


® If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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67401A/2A/1/2, 67401B/2B Standalone 


SHIFT IN 


SHIFT OUT 


A tT 
. topH——" 
OUTPUT READY 


Figure 8. tpy and top}, Specification 


C) FIFO initially empty. 


OUTPUT READY 


OUTPUT DATA 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


QC) Word 63 is empty. 


(2) New data (A) arrives at the outputs (word 63). 
(3) Output Ready goes HIGH indicating the arrival of the new data. 
(4) Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


G) As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready. 
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~67401A/2A/1/2, 67401B/2B Standalone 


tMRW 


MASTER RESET 


tMRIRH 


INPUT READY 


OUTPUT READY 


tMRS 


SHIFT IN 


Figure 10. Master Reset Timing 


(+) FIFO initially full. 
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First-In First-Out (FIFO) 64x4 64x5 


Cascadable Memory 


C67401 C67401A C67401B 
C67402 C67402A C67402B 


Features/Benefits 

© Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates 
e Choice of 4-bit or 5-bit data width 

e TTL inputs and outputs 

e Readily expandable in the word and bit dimensions 


e Structured pinouts. Output pins directly opposite corres- 
ponding input pins 


e Asynchronous operation 


Description 

The C5/C67401B/2B/1A/2A/1/2 are “fall-through” high speed 
First-In First-Out (FIFO) memory organized 64 words by 4 bits 
and 64 words by 5 bits respectively. A 16.7 MHz data rate allows 


Block Diagrams 


C67401A/B 64x4 


FIFO 
INPUT 
STAGE 


INPUT 
CONTROL 
Ic 


MASTER RESET 


Pin Configurations 
C67401A/B 64x4 


NC vcc 


INPUT READY SHIFT OUT 


SHIFT IN OUTPUT READY 


NC INP NC VCC SFT 


RDY OUT 
DO fer) NC 
64x4 
D1 o1 
DATA IN outputs {6 }01 FIFO 
D2 02 C67401/A 
2 
D3 77] 03 


MASTER RESET 


Ordering Information 


PART 


C67401 | J,N,NL(20) 10MHz 64x4 FIFO 
67402__| J,N,NL(20) 10 MHz 64x5 FIFO 


16.7 MHz 64x4 FIFO 
16.7 MHz 64x5 FIFO 


usage in digital video systems; a 15 MHz data rate allows usage 
in high speed tape or disc controllers and communications buffer 
applications. Both word length and FIFO depth are expandable. 


C67402A/B 64x5 


MASTER RESET 


C67402A/B 64x5 
NC 187 VCC 


SHIFT OUT 


Publication # Rev. Amendment 
10675 A /0 
Issue Date: May 1988 . 
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Cascadable _ 


Absolute Maximum Ratings 


Supply voltage VGC. «.iscs ses senivs we iveeveuersivadanees peed One eeeaasne neraem omar ine Liseeeeteserss 05 Vt07V 
INDUCVONAGE: cc atunemaaueinn ty ceed awed hy eaeaws s eee Nee eRe Seed anes auton tease beatae eee out uiees ch cossila itlatsece (-15Vto7V 
Off-state output voltage ........... 00. c eee ee Prue eran sent Wass ona Cease aetna Gaguovsass ovaeedss S05 V1055 V- 


Storage temperature 2.0.0.0... ccc cece ccc e ccc e eee eens shee aoa se espana teaagien ta ere: si sine toate -65° to +150°C 
Operating Conditions | : 


fsvwot | __PaRAMETER | FIGURE ig 9 max 9 ax NST ax UN | 
Fe 
a Operating teesirtenpertire fifo ——sio—SCafo SCH] 
Pont [Swinintichine | tte SCidSSSCidSCd 
rise |Sritinowime ———SS= at ei SCidsSC*d 
a CC 


7401A/2A 
SYMBOL PARAMETER | FIGURE MIN TYP MAX|MIN TYP wax| ONT 


toDs Output Data Shift (next word) 
Data throughput or “fall through” 


+See AC test and High Speed application note. 
*This parameter applies to FIFOs communicating with each other in a cascaded mode. 


Test Load | ov. | Input Pulse 0 to 3 V 
S an Input Rise and Fall Time (10% - 90%) 
5 ns minimum 


) TEST POINT* Measurements made at 1.5 V 


1.1K0 30pF 
ye Pp’ 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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C67401A/2A Cascadable 


Absolute Maximum Ratings 


Supply VOWtaGe.V EC scwseneren ian ehh aw eee tart ee head ioe St ee Pew TRS NE OEE pee RET Aas RNa e diese Sasa oad -0.5Vto7V 
WIDUE VONAGC? 2.0 2t Salve dienes eas GAG te eo wR Row EOE Oe ORS BANS Os 2d DEE tw se oe a RES ees -15Vto7V 
Off-state OUIDUT VONAGE yisccrc sie had sneer no eweiaG tid an Ghia 2S OMe AS Band oes ee eRe MRNA Ce ee Seed -0.5Vto5.5V 
Storage tOmperatGs s25-ceswi stews aetaieas couse eee doen we doe ee onde HS RR eee eae eeeo ea -65° to +150°C 


Operating Conditions C67401A/2A 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP MAX UNIT 


Voc | Supplyvotage | 8 
Ta___ | Operating free-airtemperature | FO | 
tsIL 25 


p10 


iw) 
| 


SYMBOL PARAMETER 


Shift in rate 

woofs | 

a ee) 
oe 


nee. RE 


MAX 
40 
45 


> 
Ornl a i al; ay an 
iN 
oi 


Input Ready pulse HIGH 
: Output Ready pulse HIGH 


N 
| 


t See AC test and High Speed application note. 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 


2-15 


C67401/2 Cascadable 


Absolute Maximum Ratings | 
Supply voltage VO... eee e ccc e cece etree tenet eet ee ee eeenes og BD dea wie ne ee ee Soe dha Sere new aaeaees -05Vto7V 


WADUt VONAGG: coy cceattea headed momaaen ean e away Bactrce sas Aaa Oat ee ent oats ete Bese ad grate err orn e -15Vto7V_ 
Off-state Output VOItAGE 6.0... cece cece cece reece eee eee t eee nee ee ee Eee EE OE Tene EEE EE EEE ES EE EEE SEE EE EES -05Vto55V 


Storage temiperature:. <.ieess als ace miso sine Kerevan aumaa tans ateew aaa eons ees tae ened ete eae ewa -65° to +150°C 


Operating Conditions C67401/2 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN | TYP | MAX UNIT 


Yoo | Supplyvoitage | ane: 525 V_ 
Ta___| Operating free-air temperature | | OC 
| tsint | _ Shift in HIGH time 
5 


tiDS Input data setup 


Tos 
[io | tputcta odie 
= 
ft Out LOW Tos 

0 = 


Shift Out LOW time 
Master Reset pulse 10 
Master Reset to Sl 


ns 
; ee a 2 
amie) 


tMRIRH Master Reset to IR HIGH | 
tiPH* : Input Ready pulse HIGH 
Output Ready pulse HIGH 


+ See AC test and High Speed application note. | 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 


10 
1 


> 

Orn ala; i a;a;— 
— 
Oo 


: 


0 
4 


Nn 


nN 
OO 
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C67401B/A/2B/2A/1/2 Cascadable 


Electrical Characteristics Over Operating Conditions 


SYMBOL PARAMETER TEST CONDITIONS . MIN TYP MAX | UNIT 
[rigmieeingwvetage 


Input clamp voltage Voc = MIN ty = -18MmA 


ViL 
VIH 
Vic 
Nu 
NL2 


Low-level 


input current 


High-level input current Voc = MAX Vio = 2.4V 
Low-level output voltage Voc = MIN lo, = 8mA 
High-level output voltage Voc = MIN LOH = —0.9mMA 2.4 
Output short-circuit current * | Voc = MAX Vo = OV | 7 ~20 90 
C67401 160 
Voc = MAX C67402 180 
| OB7401A 
| All inputs low. mA 
| Alloutputs open. |_C6702A | 


dada 


V 
V 


IH 
OL 
OH 

los 


Icc Supply current 


C67401B 
C67402B 


*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
+There are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshocts due to test equipment 


After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
D, inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 


HIGH. If the FIFO is emptied, OR stays LOW, and O, remains 
as before, (i.e. data does not change if FIFO is empty). Input 
Ready and Output Ready may also be used as status signals 
indicating that the FIFO is completely full (Input Ready stays - 
LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing util- 
ized within the design. The internal shift rate of the FIFO 
typically exceeds 20 MHz in operation. Device grounding and 
decoupling is crucial to correct operation as the FIFO will 
respond to very small glitches due to long reflective lines, 
high capacitance and/or poor supply decoupling and groun- 
ding. We recommend a monolithic ceramic capacitor of 0.1 
uF directly between VGc and GND with very short lead 
length. In addition, care must be exercised in how the timing 
is set up and howthe parameters are measured. For example, 
since an AND gate function is associated with both the Shift 
In-Input Ready combination, as well as the Shift Out-Output 
Ready combination, timing measurements may be mislead- 
ing, i.e. rising edge of the Shift-in pulse is not recognized | 


until Input-Ready is High. If Input-Ready is not high due to 


too high a frequency or FIFO being full or affected by Master 
Reset, the Shift-In activity will be ignored. This will affect the 
device from a functional standpoint, and will also cause the 
“effective” timing of Input Data: Time (tipbH) and the next 
activity of Input Ready (tjRL_) to be extended relative to Shift- 
In going High. This same type of problem is also related to 
tiRH, tORL and toRH as related to Shift-Out. 
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INPUT READY 


C67401A/2A/1/2, C67401B/2B Cascadable 


SHIFT IN 


INPUT DATA q 
—» 


ios | 7 
Figure 1. Input Timing * 


———\ ATIYTTERTTIRTRTT) IXTXTNIRRTRRN 
ton —9 UY) ({) YAY | 


100 ns— 100 ns 


SHIFT IN 


INPUT READY 


“> eons 


| How time __ AWA Pg CH K 
aia QR, IAA | 


Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate 


SHIFT IN 
INPUT READY ) 
weur oara YY) \e———sraace nara YAY 


If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). | 
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C67401A/2A/1/2, C67401B/2B Cascadablie 


SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


C) FIFO is initially full. 


(2) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) shit In is held HIGH. 


(4)As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


(3) The Data from the first word is released for “fall through” to second word. 


[e—_________—/fgut ——________> | «+ I/fout 


«— tsoH——> tsOoL 


SHIFT OUT 
OUTPUT READY _ 


C) The diagram assumes, that at this time. words 63, 62. 61 are loaded with A, B, C Data. respectively. 


(| ean 


(2) Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure 5. Output Timing 
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» €67401A/2A/1/2, C67401B Cascadable 


SHIFT OUT k Nie) 
OUTPUT READY 
7 C55 ns> 


= he i NN 
OUTPUT DATA 0 EEE Se 


avavava 
@ - 45 ns 


Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate : 


C1) The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively. 
@) Data in the crosshatched region may be A or B Data. 


SHIFT OUT 


OUTPUT READY 


TPUT DATA ee _ 100400404 rrr 
- — QA 


ava 


‘Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


QC) Output Ready HIGH indicates that datas available and a Shift Out pulse iaiibe applied: 

(2) Shift Out goes HIGH causing the next step. 

(3) Output Ready goes LOW. | 

() Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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C67401A/2A/1/2, C67401B/2B Cascadable 


SHIFT IN 


SHIFT OUT 


—_—$§__—_——_—_—____—_— pt -—__-___—_______—_"_—>> 
topH ——>" 
OUTPUT READY 


(1) FIFO initially empty. 
Figure 8. tp7 and top}, Specification 


OUTPUT READY 


OUTPUT DATA 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


C1) Word 63 is empty. (4) Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


(2) New data (A) arrives at the outputs (word 63). G) As soon as Shift Out goes LOW the Output Data is subject to change 
, as shown by the dashed line on Output Ready. 
(3) Output Ready goes HIGH indicating the arrival of the new data. 


; tMRW 
MASTER RESET 


tMRIRH 


OUTPUT READY ) ONE commences 


SHIFT IN —_ 
C+) FIFO initially full. Figure 10. Master Reset Timing 
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C67401A/2A/1/2, C67401B/2B Cascadable 


. SHIFT OUT 
SHIFT IN ——>] SI OUTPUT READY 


DATA OUT 


MASTER RESET © 


Figure 11. Cascading FIFOs to Form 128x4 FIFO with C5/C67401A/1 


-IFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. : ; 


SHIFT OUT 


COMPOSITE 


INPUT READY. -COMPOSITE 


OUTPUT READY 


SHIFT IN 


_ MASTER RESET 


Figure 12. 192x12 FIFO with C5/C67401/1A/1B 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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C67401A/2A/1/2, C67401B/2B Cascadable 


Applications 


RESET 


PAPER C67401 


TAPE 
READER 


ENBL Si 


NOTE: The output of monostable holds off the “Buffer full” interrupt for 
100ns. If 100ns after shift in, there has not been an input Ready to reset 
the “D Flip-flop” an interrupt is issued, as the FIFO is full. The CPU 
then empties the FIFO before the next character is output from the 
tape drive. 


Figure 13. Slow Steady Rate to Fast “Blocked” Rate 


SI so 


OR 
C67401 


64x8 
DO-D7 00-07 


7 


TRI-STATE 
REGISTERS 


SYSTEM A 


SYSTEM B 

: 00-07 

TRI-STATE os 

REGISTERS 
C67401 
64x8 

OR iR 
so SI 


NOTE: Both depth and width expansion can be used in this mode. The IR and 
OR signals are the anded versions of the individual IR and OR signals. 


Figure 14. Bidirectional FIFO Application 


Low Power 
First-In First-Out (FIFO) 64x4 


Memory 
67L401 


Features/ Benefits | i Ordering Information 


e Guaranteed 5 MHz shift-out/shift-in rates PART 
| _NUMBER wen | mee | row | TEMP DESCRIPTION 


e Low Power Consumption 


ATE inputs ene ue e7cao1_ | N.NU| Com | SMHz 64x4 FIFO 
Readily expandable in the bit dimensions 67L.401 | JNL | COM | 5 MHz 64x4 FIFO 
ponding input pins 


Structured pinouts. Output pins directly opposite corres- 

Asynchronous operation : BI ock Dia g r am 
Pin compatible with Fairchild’s F3341 MOS FIFO and much 67L401 64x4 
faster 


Description ry 


The 67L401 is a low-power First-in First-Out (FIFO) memory 02 
device with TTL speed. This device is organized in a 64x4-bit 03 
structure and easily expandable to any width. ASMHzdatarate 
with fast “fall through” time allows usage in tape and disc 
controllers, printers and communications buffer applications. INPL 
This data rate is much faster than a comparable MOS device. - ®5A 
The FIFO is a register-based device. Data entered at the inputs 
“falls through” to the empty space closest to the output. Data is 
shifted out in the same sequence it is shifted in. Also, the widtfi 
can be increased by putting the Input Ready signals through an 
AND gate to give acomposite Input Ready. Similarly, the Optput 
Ready signals should be gated to form a composité © 
Ready. 


Generally, FIFOs are used in digital systems pertdtming data 
transfers when source and receiver are not Operating at the 
same data rate. FIFOs are also used as data’ ‘Huffers, wh¢re the < 
source and receiver are not operating-at. thie,’sarn theetime. The. | 
67L401 is particularly useful where id v-power, 


critical. 


OUTPUT 
CONTROL 
LOGIC 


“MASTER RESET 


Pin Configuratio 
NC vcc 
i 

a, INPUT READY SHIFT OUT 

* SHIFT IN | OUTPUT READY 
Do 67L401 Oo 
D1 64x4 01 

DATA IN OUTPUTS 
D2 02 
D3 03 


GND MASTER RESET 


Plastic Chip Carrier . 


67L401 


Absolute Maximum Ratings | ‘2s : 
th Geehiedccitra Ss mid nein Shea at ainanale Ral Ae wate G datiuis suse a anw ONES si ClOe Palas ON EG ua oN aa gatesas -0.5Vto7V 


Supply voltage Voc , 
IADUE VONAGE? ote wine dans se own hes ats oor Mae eee eae ees Pe eer ee Sere et near eee ee Rane Lae -15Vto7V 
Off-state OUtpUit VOltAGE ince aig 625 toa y bo selaie aan asthe dtu aia iad ox whee ws hha dle wine wane nkaw MORAN Maas -0.5Vto5:5V 


Storage temperature 


Pre aeaahapanrmiseted Aaa sina ai neaa te canna Ghttemne tesa aiubea tanehaatet otc -65° to +150°C 
Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP MAX UNIT 


i 
C06 | “aes ——————— 


tmMRW 


COMMERCIAL 
TYP 


ee NS <r D 
a TC Te 
ee NY 
BN I icon RS Ah EINE! 5 
Shift Out eT Reatly’ LOW RAN Ee 
omni [Sait Ooi oupphrenay BERS Ys [a 
oon oa BN 
| tops | Qekgut Opt shift (nextwaghv |S 
i 
aa eee enn ot oe 

[wastorresttorRIGH | OTS 

ee ee eee enneoe oe 
7 eee Be 


ere Input Ready pulse HIGH | 
| topH” Output Ready pulse HIGH 


t See AC test and application note. 


* This parameter applies to FIFOs communicating with each other in a cascade mode. 


Test Load 


5V 


Input Pulse 0 to 3 V 

Input Rise and Fall Time: > (10% - 20%) 
TEST POINT* 5 ns minimum ; 

Measurements made at 1 5 V 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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67L401 


Electrical Characteristics over operating Conditions 


SYMBOL| —S»- PARAMETER i TEST CONDITIONS MIN TYP MAX | UNIT 


l) =-18mA 


Vic input clamp voltage Voc =MIN- 


Do-D3 MR 
input current | SI, SO 


Low-level 


High-level output voltage 
Output short-circuit current* 


~ Supply Current 


Vou _ 
VOH 
lcc 


* Not more than one output should be shorted at a time and duration of the short-circuit spoyi 
t This is an absolute voltage with respect to device GND (Pin 8 or 9) and includes all ové shh 


Functional Description 
Data Input | 


After power up the Master Reset is pulsed low (Fig. 
prepare the FIFO to accept data in the first location, Whe 
Ready (IR) is HIGH the location is ready to acce yJata 
D, inputs. Data then present at the data inpyte-tS.entared i 
the first location when. the Shift In (SI) is bf gUor 

HIGH signal causes the IR to go LOW. Da Gra i 
location until SI is brought LOW. WherkSKid\praught/ 

the FIFO is not full, IR will go HIGbI,.indi¢ts : 


EA “ 
; 
autpute.pet 


Sheard 
meee 


automatic, 


or a full location. The firs 
a shift out is applied. If tite 


stack up at the 


Dble” to the front. 


tpt defines the time required for the first’ 
to the output of a previously empty device. 

Data Output | _ 4 | 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO.is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 


Low-level output voltage Voc = MIN 
Voc = MIN 


Voc = MAX Inputs Low, Ou 


ata to travel from input 


ab 
o> © 


EB 
>| > 


itput Ready may also be used as status 
at the FIFO is completely full (Input Ready 


rt least tp). | | 


AC Test and Application Note | 


_ Since the FIFO is a very-high-speed device, care must be exer- 


cised in the design of the hardware and the timing. Though the 


external data rate is 5 MHz internally the device is several times 
as fast: Device grounding and decoupling is crucial to correct 
operation, as the FIFO will respond to very small glitches caused 


by long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 uF directly between Vcc and GND with very 
short lead length. In addition, care must be exercised in timing 
set up and measurement of parameters. For example, since an 
AND gate function is associated with both the Shift In-Input 
Ready Combination, as well as the Shift Out-Output Ready 
Combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not recognized until Input- 
Ready is High.If Input-Ready is not high due to too high a 
frequency, or the FIFO being full or affected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device froma 
functional standpoint, and will also cause the “effective” timing 


of Input Data Time (tiDH) and the next activity of Input Ready 
-(tiRL) to be extended relative to Shift-In going High. 


67L401 


SHIFT IN 


INPUT READY 


tios 


“ea 
tay Fi 


eee WAAAAAAAAAAAAAA AA) a: WAAAY AKA { 
ns RAR TARR 


ti, Hu 


Figure 1. input Timing ff ow 


SHIFT IN 


INPUT READY 


>| ke 10ns : 


Lf Te : v4 f j : tin, SS ate 

AC > COANAAAWAAMAA 

ia YY | OL WA 
NOFA 70.0000 0.00009 cal AAAAALAAAR AY 
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Figure 3. The Mechanism of Shifting Data Into the FIFO 
CG) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 
(2) Input Data is loaded into the first word. 
(3) Input Ready goes LOW indicating the first word is full. - 
(4) The Data from the first word is released for “fall-through” to second word. 
Ga) The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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QC) The diagram assumes, that at this time, words 63, 62. 61 are loaded:with A, B. C Data. respectively 


_ Figure 5. Output Timing | | 


67L401 


SHIFT OUT 


OUTPUT READY 


vento "2" JK | some RRA, |e 


3 
f tee, Y 
O 45 ns q A 


Le 
Figure 6. Typical Waveform for 5 MHz Shift Od 
f, ? sy “hp 
j jf jp ft “ag 
LLY> | 
GC) The diagram assumes, that at this time. words 63, 62. 61 are loaded with A. B" wid reptipctively. {°° 
ff Mi, “Ny ty, fle fo Mm, ‘ge 
"% My i O 


@) Data in the crosshatched region may be A or B Data. f fo re Ye, "f 
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Figure 7. The Mechanism of Shifting Data Out of the FIFO | 


CQ) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. | 

(2) Shift Out goes HIGH causing the next step. 

(3) Output Ready goes LOW. | } 

(4) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

G) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO sutpits 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
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Figure 10. Master Reset Timing 
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FIFOs are expandable in depth and width. However, in forming words’ two externalgates are required to generate composite 
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Applications 


FIFOs are typically used as temporary data/ox 
mismatching data rates. Such an applicatidn 
Figure 13. h 
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NOTE: Both depth and width expansion can be used in this mode. 


Figure 13. FIFO As Data Buffer Between Slow Steady Rate = 
and Fast ‘Burst’ Rate Figure 14. Bidirectional FIFO Application 
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First-In First-Out (FIFO) —-s- C67L401D 
64x4 64x5 Memory gg C67L402D 
15 MHz (Cascadable) 


Features/ Benefits Ordering Information 


e High-speed 15-MHz ahkcinienitcous rates | | PART wOuBEn | PKG [ree] vescniPrion | 
'@ Low powerconsumption .. -.: NUMBER 
© Choice of 4-bit or 5-bit data width C67L401D ee ee Ce 
_¢ TTL inputs and outputs C67L402D | 


e¢ Readily expandable in word width and depth 


¢ Structured pinouts. Output pins directly opposite 
corresponding input pins 


High-drive capability 
e Asynchronous operation 


C67L401D 
(C67L402D) 
Description 
The C67L401D/2D are “fall-through” high-speed First-In First- o 
Out (FIFO) memories organized 64 words by 4 bits and 64 words 64x4 BIT e 
by 5 bits respectively. The FIFO is expandable in word width and 4 (64x5 BIT) f sae 
REGISTER 0 


depth. The FIFO is attractive for many applications such as disk 
controllers, communication buffers, rate buffers, etc. They 
feature high-drive (lIOL = 24 mA) outputs. 


| MASTER RESET 


Pin Configurations | 


NC vec . INPUT READY [2 tT] sit out 
_ INPUT READY SHIFTOUT SHIFTINT3} =... [16] OUTPUT READY 
SHIFT IN OUTPUT READY a 
7L402D 
DO . 00 C67L40 
C67L401D 
D1 te 01. | DATA IN OUTPUTS 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 3 10] MASTER RESET 


C67L401D C67L402D 


Absolute Maximum Ratings 


SUPPIY VONAGS V GG cacace wens Mohn Gk sect ode hae Rte ae eh ee Moa eme eae h SOS Eke Oenaee tee earweans -0.5Vto7V 
INPUUVONAGS: -vcwet ects een ieee erate ae ee ne as ube wean au et een Oe baa eaalew abe red ek ay ruses oats -15Vto7V 
Off-state output voltage ..............065 Bette teh geen Mt ad, Sia aihehtnk Sais Ee caplet neti Sage hana -0.5Vto5.5V 
SlOMAGe TEMPEIALUNE' cone aed wow tate une tates Gwe ehe eum eran ome tel oulh cag Ged cote ciety aad eases -65°C to +150°C 


Operating Conditions Over Temperature Range 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP MAX UNIT 


vec | Swoyvoiege —SS~=~“*~*~“‘“‘~*~*~*~é~sSC“‘“‘“zsSCS*‘SC*~‘« a‘ 
Ta | Operating evsiriompoure ———SSSidTSSSC*idOSC~*~“‘;‘“*~*~«SOYCS=* 
Input data setup to SI (Shift In) 

Input data hold from SI (Shift In) 


Input data setup to IR (Input Ready) 
Input data hold from IR (Input Ready) 


Shift out High time 
Shift out Low time 
0 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
** See AC test and high-speed application note. 


Electrical Characteristics Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 


i 


r Low-level Vcc = MIN lOL = 24mA oe ly 
OL Output voltage HIR,OR | Vcc = MIN lol =8mA 

‘ High-level Vcc = MIN IOH = -3.0 mA oo y 
OH | Output voltage | 1R,0R | Voc=MIN loH = -0.9 mA : 

log Output short-circuit current* | Voc = MAX Vo = OV -20 -90 


Vcc = MAX 
Icc Supply current All inputs low. L401D/2D 
All outputs open. 


a Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
These are absolute voltages with respect to GND (Pin 8 or 9) and include all overshoots due to test equipment 
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C67L401D C67L402D 


ewitening Characteristics Over Operating Conditions 


SYMBOL PARAM ETER ao 


tiRLT Shift In t to Input Ready LOW “* 

tiRHt | Shift In | to Input Ready HIGH ps 
torit | Shift Out ! to Output Ready LOW ee ee 
tORH Shift Out | to Output Ready HIGH ns 
toRHt putReady HIGH Tne | 
tODHt | Output Data Hold — word) 1S 


COMMERCIAL 


: 
ee ae 
‘pr | lputreadypusenigh ———SSSC*dS 
a 


Output ready to Data Valid 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
+ See AC test and high-speed application note. 
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C67L401D C67L402D 


Standard Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 >= 30pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5ns 
Measurements made at 1.5V 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the D, inputs. Data then present at the data inputs is 
entered into the first location when the Shift-In (SI) is brought 
HIGH. A SI HIGH signal causes the IR to go LOW. Once data is 
entered into the first cell, the transfer of data from any full cell to 
the adjacent (downstream) empty cell is automatic, activated by 
an on-chip control. Thus data will stack up at the end of the 
device while empty locations will “bubble” to the front. tpy 
defines the time required for the first data to travel from input to 
the output of a previously empty device. When SI is brought 
LOW and the FIFO is not full, IR will go HIGH, indicating more 
room is available. If the memory is full, [R will remain LOW. The 
FIFO should always be cleared by using master reset. 


Data Output 


Data is read from the O, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 
OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 uF 
directly between VCC and GND with very short lead length. In 
addition, care must be exercised in how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, as well as the Shift-Out-Output-Ready combina- 


‘tion, timing measurements may be misleading, i.e., rising edge 


of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too higha frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 


‘standpoint, and will also cause the “effective” timing of Input 


Data Hold time (T|}DH) and the next activity of Input Ready 
(T|RL) to be extended relative to shift-in going HIGH. This same 
type of situation occurs with TORL and ToRH as related to 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. 
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Figure 1. Input Timing . 


66.6 ns ——$$_$_$$_$________> |<_____———___—— 66.6 ns. —____________> 
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_ INPUT READY 40ns > 26 ns —> 
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Figure 2. Typical Waveforms for 15-MHz Shift-in Rate 


SHIFT IN 
. : @) | , 
| Re Set nN 
INPUT READY 7 


moron IIR — sa —= TIATED 


Figure 3. The Mechanism of Shifting Data into the FIFO 


Qa) Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@) Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 
(3) Input Ready goes LOWindicating the first word is full. 
©) Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
G) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
_ NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored 
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SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


4 


Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


Oe © 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


————____— I/toyt ——_____—_—_—_> |+_—————_ |‘tout ——____—>> 


SHIFT OUT *— tSoH ~<i————tsoL oe 


~<—toRH 
OUTPUT READY f<tonp>| |<tor | 


———tops———" 
toDH—> 


a CD (|) CCD | a 
ae | | 


Figure 5. Output Timing 
qd) The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


@) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. ORand SO are both high together. 


<_____—_—— 66.6 ns ————______——_——_> | <+_______———- 66.6 ns. —_-__—_______»> 


SHIFT OUT 


45 ns 
40 ns 


cumsrome | vane am QQ | eee come 
ss @) | | | 


Figure 6. Waveforms for 15 MHz Shift-Out Data Rate 


Q) The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


OUTPUT READY 


(2) Data in the first crosshatched region may be Aor B Data. 
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(2) 
SHIFT OUT 
OUTPUT READY wD laaeay, ee ee 
| @ 
: ; (AVAVAVAVATAVATAY : 
OUTPUT DATA ; A-DATA | AWA B-DATA 


AORB 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW. 


Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. . 


CROC me OG. 


If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 
SHIFT OUT 


OUTPUT READY 


Figure 8. tp7 and top, Specification 


Gd) FIFO initially empty. 
(2) Shift Out held HIGH 


SHIFT OUT 


@ ® 


| MIVTITITT171777777707777777 
OUTPUT READY VALLI h 
® 


@ 
MONON 


AY) 


OUTPUT DATA 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 
Word 63 is empty. 
Output Ready goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 


Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


OOOO0O 


As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 
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MASTER RESET 


tuRW > 


INPUT READY 


tmRIRH -———__>> 


OUTPUT READY 


twRORL—> —_—_______— ‘uRs ——___________> 


SHIFT IN 


DATA OUTPUTS 


twRO—> 
(1) FIFO initially partially full. 


Figure 10. Master Reset Timing 
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First-In First-Out (FIFO) 


64x4 Memory 


15 MHz (Cascadable) 


C67L4013D 


With Three-State Outputs 


Features/ Benefits 

e High-speed 15-MHz shift-in/shift-out rates 

e Low power consumption 

¢ TTL inputs and outputs 

¢ Readily expandable in word width and depth 


e Structured pinouts. Output pins directly opposite 
corresponding input pins 


© High-drive capability 
e Asynchronous operation 
e Output Enable feature 


Description 

The C67L4013D is a “fall-through” high-speed First-in First-Out 
(FIFO) memory organized 64 words by 4 bits. The FIFO is 
expandable in word width and depth. The FIFO is attractive for 
many applications such as disk controllers, communication 
buffers, rate buffers, etc. The C67L4013D has three-state, high- 
drive (loL = 24 mA) outputs. 


Pin Configuration 


C67L4013D 
OE vcc 
INPUT READY | SHIFT OUT 
SHIFT IN OUTPUT READY 
DO 00 
D1 O1 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 


Ordering Information 


PART 
NUMBER Bed hand al _DESCRIPTION 


Fcer.aots0| NJ | com | estate | TMi FRO 


Block Diagram 


C67L4013D 
OUTPUT ENABLE 
po ——> 6s 
: 01 
sh 64x4 BIT = 
D2 REGISTER 
D3 
15 | 
READY REGISTER OuTPUT |j<— Bun: 
CONTROL CONTROL] ,, 
SHIFT —» LOGIC LoGIc OUTPUT 
_ READY 


MASTER RESET - 
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Absolute Maximum Ratings 


SUPPIY VOIEGO VOC. otic diese taoedveuds toile aksawusan eed taee oe Phmr Sandel te lAnneee est eG enteral son eege -O5Vto7V 
POUT VONAOG: 3h 5g oie Ss teen ew 4 6G Ha oe VU ROD Oe LEE SORA ENG Pe See Od Shc ete Saary ate ase kN -15Vto7V 
Olf-state OUlDUt VO AGO: siis55 5.5 sae Sno eo ie anes heed ea hak ee Oe POE WG OS RE ee eee -0.5 V to 5.5 V 
Storage temperature: sieves ree ere shee x vad wet Fe AUG pe UND SHEA Be MENA SO OO OhEO Ce Ree S -65°C to + 150°C 


Operating Conditions Over Temperature Range 


COMMERCIAL 
SYMBOL PARAMETER ) FIGURE MIN TYP MAX UNIT 


( 
tIDH Input data hold time to SI (Shift In) 
tRIDS Input data setup to IR (Input Ready) 
** 


Master Reset to Si* . 


* If the FIFO is not full (IR High), MA low forces IR low, followed by IR returning high when MIR goes high. 
** See AC test and high-speed application note. 


Electrical Characteristics Over Operating Conditions 


5 
V 


Low-level loL=24mA 
VOL | Output voltage ROR Voc = MIN ince GA 


High-level Output, O 7 lOH = -3.0 mA 
Output short-circuit current* | Voc = MAX Vo = OV -20 -90 
Cc 


lOZL , Vo =04V -50 
Off-state output current VCC = MAX 
10ZH Vo =2.4V | +50 


Voc = MAX 
pe elt All inputs low. All outputs open. ne 


* Not more than one Output should be shorted at a time and duration of the short circuit should not exceed one second. 
** These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
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Switching Characteristics Over Operating Conditions 


oe COMMERCIAL ee: oe 


tORHt Shift Out | to Output Ready HIGH 
tODHT Output Data Hold (previous word) ) 
Output Data Shift (next word) | 


10 


Tue | ipvtreadypuseHiGH SSSCSC~wSCi SS SSSCSC~*d 
[topes | OuputreadypuseiGH ——SSCSC~“~*~srCSCSC*idCid 
[tomo | OuputressyroDaaveis ————SSCSC~‘—rtCSCiSSdESSSSCSCS~S~S~S 


Output Disable Delay, C67L4013D : 
tPLZ . A 


t a 
Output Enable Delay, C67L4013D sy. 


Note: Typicals at 5V Voc and 25°C Ta. | | | 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
+ See AC test and high-speed application note. 


OUTPUT ENABLE 


. $1 AND 
$2 CLOSED 


| S1 CLOSED 
WAVEFORM1 a5 OPEN 


VoL 
<«—— tp7}4 —> 0.5 V ee 
vt 
S1 OPEN . 
WAVEFORM 2 $2 CLOSED 1.5V 
Vr =15V | S1 AND 
$2 CLOSED 


Figure A. Enable and Disable | 
Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high 
except when disabled by the output control. 
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Standard Test Load 


5V 


R1 


OUTPUT TEST POINT 


R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the D, inputs. Data then present at the data inputs is entered 
into the first location when the Shift-In (SI) is brought HIGH. 
An SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 
while empty locations will “bubble” to the front. tpt defines the 
time required for the first data to travel from input to the output of 
a previously empty device. When SI is brought LOW and the 
FIFO is not full, IR will go HIGH, indicating more room is 
available. If the memory is full, IR will remain LOW. The FIFO 
should always be cleared by using master reset. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be shifted 
out by bringing the Shift Out (SO) HIGH. A HIGH signal at SO 
causes the OR to go LOW. Valid data is maintained while the SO 
is HIGH. When SO is brought LOW the upstream data, provided 
the upstream stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 

_ HIGH. If the FIFO is emptied, OR stays LOW and Data output will 
not be valid. 


Three-State Test Load 


vcc 


TEST POINT 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 uF 
directly between VCC and GND with very short lead length. 
In addition, care must be exercised in how the timing is set up 
and how the parameters are measured. For example, since an 
AND gate function is associated with both the Shift-In-Input- 
Ready combination, as well as the Shift-Out-Output-Ready 
combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too higha 
frequency, or (b) FIFO being full or effected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device froma 
functional standpoint, and will also cause the “effective” timing 
of Input Data Hold time (TjpH) and the next activity of Input 
Ready (TRL) to be extended relative to shift-in going HIGH. 
This same type of situation occurs with TORL and TORH as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 


RR SST Re Se Er AE aE RA RS EE NSPS Pa PP A hE i PEA EER 


2-43 
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14 ™—_——_—_—____—_> |= 4*\n > 


“SHIFT IN («— tsj49—> , tsiL - 


INPUT READY — 


INPUT DATA a HCCORCCORCCC 0 CCC CCC 


tiRH-—~ 


tips 


Figure 1. Input Timing 


66.6 ns —— > |< ____—___—— §6.6 ns —————__——_—_—_—__» 


SHIFT IN 


~24ns —» 
7 | \_) 


INPUT READY 40ns > 26 ns —™, 


—<«— Ons 


INPUT DATA De ae -AREEEERREX —_> CD 


‘Figure 2. Typical Waveforms for 15 MHz Shift-In Rate 


SHIFT IN. 


INPUT READY 


nour oara FRIYX]e—— sranve onra EVI 


Figure 3. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is avialable and a Shift-In pulse may be applied. 

@® Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 

® Input Ready goes LOW indicating the first word is full. 

® Shift-in going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
© If the second word is already full then the data. remains at the first word. Since the FIFO is now full Input Ready remains low. - 


Note: Shift-In puises applied while Input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


Q@) FIFO is initially full. 


@ Shift Out pulsed is applied. An empty location starts “bubbling” to the front. 
@® Shift In is held HIGH. 


@ As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


+ _ —_—_—— |/fout —___—— |_+—_——__|/Ao ut —______"_——-> 


SHIFT OUT — tson —-\**——tso 2) 
<< toRH— 
OUTPUT READY “torp> + ORL 
+ —_tops-———_- 
toDH—> 


CD |) Cc |) GM 
Se | | 


Figure 5. Output Timing 


@® The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


<< ———— 66.6 ns_ ————————— | ee —_—_—_—__—_——- 66.6 0S ——_—_——__—_______> 


SHIFT OUT 


OUTPUT READY | 45 ns 


40 ns | 


common | soma Con XK [some Kee 
No (2) | | 


Figure 6. Waveforms for 15 MHz Shift-Out Data Rate 


@ The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Data in the first crosshatched region may be A or B Data. 
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(2) 
SHIFT OUT 
OUTPUT READY | wD) aay, rs hee es 
C5) 
VVVVVV\ 
OUTPUT DATA | ADATA XA _B-DATA 


AORB 


en 7. The Mechanism of Shitting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing the contents of. word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
® Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 


Figure 8. tpt and topH Specification 


@® FIFO initially empty. 
@ Shift Out held HIGH. 


® 
SHIFT OUT 
© @ 
BIVIVIVIVIT19707777'7°777777 
OUTPUT READY | : . LLL ELL LLL LLL LLL LLL 
0) ® : 


suet POAT Y 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


‘@ Word 63 is empty. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@ New data (A) arrives at the outputs (word 63). 

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


® Assoonas Shift Out goes LOW the Output Datais subject to change. Output Ready will go HIGH« or LOW depending on whether there are any additional upstream 
words in the FIFO. 
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MASTER RESET 


tuRw ———_- 


INPUT READY 


tmMRIRH ———_>- 


OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 


tMRO—> 


Figure 10. Master Reset Timing 


@ FIFO initially partially full. 
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Asynchronous First-in First-Out Memory 


(FIFO) 16x5 
74S225/A 


Features/ Benefits 

¢ DC to 20-MHz shift-in/shift-out rates 

e Fully expandable by word width and depth 

e Three-state outputs 

e TTL-compatible inputs and outputs 

e Functionally compatible with T.1. SN74S225 

e Designed for extended testability 

Description 

The 74S225/A is a Schottky-clamped transistor-transistor logic 


(STTL) 16x5 First-In-First-Out memory (FIFO) which operates 
from DC to 10/20 MHz. The data is loaded and emptied on a 


CLKA Load clock A 


Input ready 
[3 | unck our | Unieed tock output 
ee 
ee 
Se ae a ae 
11-15 
| 16 | UNCLKIN, | Unload clock input 
7 | on | utputreacy 
Ce 
at! 
a 


CLK B Load clock B 


Block Diagram 
Do ——___+ 
pi—= 
b2—= 
p3 —L—_____» 
D4 
UNLOAD CLOCK OUT 
INPUT READY 


LOAD CLOCK A —! 
LOAD CLOCK B 2 - 


CLEAR 8 


REGISTER 


_ Ordering Information 


PART NUMBER | PACKAGE TEMPERATURE 


748225 10 MHz Com 
74S225A 20 MHz Gom 


first-in-first-out basis through asynchronous input and output 
ports. These devices are used in digital systems performing data 
transfers when source and receiver are not Operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. Both 
word length and FIFO depth are expandable. Unload clock 
output (Pin 3) is designed for testability of Vo, . 


Pin Configuration 


74S225/A .. J or N Package 
(Top View) 
CLKA [1] 120) VCC 
IR [2 19] CLK B 
UNCK OUT L3, 18) CLR 
Do {4 OR 
p1 [5 UNCK IN 
DATA < p2 [Gl 1 a0 


D3 L7| Qi 
a2 OUTPUTS 
Q3 


GND Q4 


9 OUTPUT ENABLE 


16x5 


16 
REGISTER OUTPUT Sein 
CONTROL 43 
LOGIC OUTPUT 
READY 
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Absolute Maximum Ratings 


‘S107 0) ©] SYZA'Z°] (0 [<A gy @ -0.5Vto7V 
INDiUt VONAGE ax weans Goce dora a tsa aan Keg ee doa Sea eee Ue NORA Os Sea Aes e eae eRe eR Ee rete Ow Dwele ass -15Vto7V 
Off-state OUTDUE VONAGE coc eig-des Sida ct eGa eyed Sones Gaeb rey <aeeu's ern ea rade Lee etdaat ee een ee PadeaeS ~0.5V to 5.5 V 
Storage temperature: - eonccs viens hoes eae Sake eretine’ eee nen ene adeawed anes saws Malls SEER GREG SES aeNes -65 to +150°C 


Operating Conditions 


a 74$225A 74$225 
SYMBOL ARAMETER MIN TYP MAX| MIN TYP max | UNIT 


Vee Supply voltage | | 478 5.25 | 4.75 5.25 


* Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition). 


t = Arrow indicates that it is referenced to the LOW-to-HIGH transition. 


Switching Characteristics Over Operating Conditions 


74S225A 748225 
SYMBOL PARAMETER oe MIN TYP MAX | MIN TYP MAX UNIT 
Cascade Mode™** 
fin Load clock A or clock B 
| Standalone Mode _| Mode 


tLccoL | CLK Aor CLK B to UNCK OUT! 


| Standalone Mode Mode 

= eae ee 
cos | overdenartn.uneKNieowpucas [a [aw [ wet 
tCLOL CLR to OR | aa Se 35 
foun | Rt? SS | 
uecon | Poem iNET 
fond. | OR! wouptaata i | 8 | 0 

hates | 290 255 


tauBl | UNCK IN to IR t (bubble-back time) eae 


UNCK IN to UNCK OUT } (bubble-back time) 


| Arrow indicates that it is referenced to the HIGH-to-LOW transition. 


** 16th word only. 


*%** Devices connected to provide FIFO of greater than 16 word depth. 
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enldailoat cpetetteus ce Over Operating Conditions 


74S225A 74$225 

a | 

Output disable delay, OE to Qj, CL = 5 pF 10 25; ns 
t per i 25 
| tprz | — : 
tPZL ae - | 

Output enable delay, OE to Q;, CL = 5 pF 1 
'PZH 


Test Load for Bi-State Output Test Load for Three-State Output 

vcc 
TEST POINT” yoo | RL 

| TEST POINT* 
RL J st 

OUTPUT OUTPUT © 
| | 5 
CL = 30 pF | 2 

AL = 3000 a - s000 4 i 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Input Pulse Amplitude = 3.0 V 
Input Rise and Fall Time (15%-90%) = 2.5 ns 
Measurements made at 1.5 V 


OUTPUT ENABLE 


$1 AND 
S2 CLOSED 


DATA OUTPUT - $1 CLOSED 1.5V 
WAVEFORM 1 . S2 OPEN 0.5V 
VOL 
tpzH —> | 

Vou 
DATA OUTPUT $1 OPEN a re 

WAVEFORM 2 $2 CLOSED . : 

$1 AND 
$2 CLOSED 


Figure 1. Enable and Disable 


Waveform 1 is for an output with internal conditions such that the output is 
iow except when disabled. 

Waveform 2 is for an output with internal conditions such that the easy is pep: 
except when disabled. 
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Electrical Characteristics Over Operating Conditions 


Midge High-level input voltage 
NL4 Low-level 


Lo input current 


VOL Low-level output voltage” Voc = MIN 
VOH High-level output voltage Voc = MIN 


| Vac = MAX 
HZ Off-state output current CC 
ILZ Voc = MAX 


* To measure Vo on Pin 3, force 10 V on Pin 9 (Extended Testability). 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


| = -18mA 


V,;=05V 


VIL 
VIH 
VIC 
All others 
lH High-level input current Voc = MAX) Wy=2.7V 


lo_ = 16 mA (Data outputs) 
lou = 8 mA (All others) 

IOH = -6.5 mA (Data outputs) 
IOH = -3.2 mA (All others) 
Vo=0V 

Vo =2.4V 

Vo = 0.5V 


Inputs low, All 748225 
outputs open 745225 


** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Functional Description 
Data Input 


After power up the CLEAR is pulsed low (Figure 5) to prepare the 
FIFO to accept data in the first location. Clear must be applied 
prior to use to ensure proper operation. When Input Ready (IR) 
is HIGH, the first location is ready to accept data from the D, 
inputs. Data then present at the data inputs is entered into the first 
location when both Load Clocks (CLK Aand CLK B) are brought 
HIGH. The CLK A HIGH and CLK B HIGH signal causes the IR 
and UNCK OUT to pulse LOW. Once data is entered into the first 
cell, the transfer of data from any full cell to the adjacent (down- 
stream) empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front. tpip defines the time required 
for the first data to travel from input to the output of a previously 
empty device. When the sixteenth word is clocked into the 
device, the memory is full (sixteen words) and IR remains low. 
The Unload Clock Output is provided chiefly for use in cascading 
devices to extend FIFO depth (Figure 9). When Input Ready is 
Low, do not attempt to shift-in new data. 


Data Output 


Data is read from the Q, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Unload Clock Input (UNCK IN) LOW. 
ALOW signal at UNCK IN causes the OR to go LOW. Valid data is 
maintained while the UNCK IN is LOW. When UNCK IN is 
brought HIGH the upstream data, provided that stage has valid 
data, is shifted to the output stage. 


When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW and Data remains 
valid for the last word. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least taupy) or completely empty (Output 
Ready stays LOW for at least tp)p). 


AC Test and High-Speed App. Notes 


Since the FIFO is a high-speed device, care must be exercised in 
the design of the hardware and the timing utilized within the PC 
board design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. We recommend a monoli- 
thic ceramic capacitor of 0.1 uF directly between Voc and GND 
with very short lead length. In addition, care must be exercised in 
how the timing is set up and how the parameters are measured. 
For example, since an AND gate function is associated with both 
the Load Clocks (A, B) — Unload Clock Output-Input Ready 
combination, as well as the Unload Clock Input-Output Ready 
combination, timing measurements may be misleading, i.e., ris- 
ing edge of the Load Clock pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or affected by (CLR), the 
LOAD-CK activity will be ignored. This will affect the device 
from a functional standpoint, and will also cause the “effective” 
timing of Input Data Hold time (t;pH) and the next activity of 
Input Ready (tLCIRL) to be extended relative to Load Clock (Aor 


B) going HIGH. 
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LOAD CLOCK mo —™ 
(B OR A) 


1/FIN 
tLOKH 
LOAD CLOCK: / \ 
(A OR B), 
tlom2—>| |j«— 
INPUT READY ¥ ae y 
: tuckow 
UNLOAD: 
_ CLOCK: 
OUTPUT: | 
tLCCOL 
tips’ 


'CLCK A 


CLEAR INITIAL CYCLE ONLY 


ba 


'toLw 


NOTES: 1. Permissible negative setup time for input data 
2. Measure t) CjRL for 16th input word only 


Figure 2 input Timing 


LOAD CLOCK . 7 
(B OR A) ; ae 


LOAD CLOCK ~ Q 


(A ORB) 


INPUT READY ODO \ 


UNLOAD | , ® 
CLOCK OUTPUT — | 


=a 


om : 
eur oara MAY NN 


TAT 


NOTES: 1. <input Ready HIGH indicates space is available and a Load Clock (A and B) pulse may be applied. 
_ 2. Input Data is loaded into the first word. 


3. Unload Clock.Output pulses ee the first word is full and the Data from the first word is released for‘ fall-through” to 
‘second word. 


4. Ifthe second word is already full, then the data remains at the first word. Since the FIFO is now full, Input Ready remains LOW. 


Figure 3. The Mechanism of Clocking Data into the FIFO 


74S225/A 


UNLOAD 
CLOCK INPUT 


OUTPUT 
READY 


tUCKORL 


OUTPUT DATA 


Figure 4. Output Timing 


ss 2. 
UNLOAD 
CLOCKINPUT \__ | | 


(4) 
OUTPUT READY Y 
——— =_ 
® 
AMMAAAAAAAAAAAAA 
OUTPUT DATA A-DATA amee NAAN B-DATA 
A OR B—— 
NOTES: 1 


. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied. 


. Unload Clock Input goes LOW creating an empty position at word 16 for word 15 to “fall-through” to. 
. Output Ready goes LOW. 


. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, indicating that new data (B) is now available at the FIFO outputs. 


2 
3 
4 
5. If the FIFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs. 


NOTE: Assume FIFO initially contains at least two words. 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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CLEAR. 


tCuiH 


INPUT READY 


tcLloL-—> 


OUTPUT READY 


LOAD CLOCK 
(A AND B) 


NOTE: Assume FIFO is full before CLEAR goes active. 


Figure 6. Clear Timing 


LOAD CLOCK TS eis 


(A OR B) 


LOAD CLOCK 
(B OR A) 


trip————> 


OUTPUT READY 


é HIGH 


UNLOAD CLOCK 
INPUT 


NOTES: 1. FIFO is initially empty. 
2. Unload Clock Input and one Load Clock held HIGH throughout. 


Figure 7. tpip Specifications 


UNLOAD CLOCK 
INPUT 


INPUT READY 


UNLOAD CLOCK 
OUTPUT 


é HIGH 


LOAD CLOCK 
(A and B) 


NOTES: 1. FIFO is initially full. 
2. Load Clock (A and B) held HIGH throughout. 


Figure 8. tayp) tguBc Specifications 
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CLOCK IN 


NC 


CLEAR 


INPUT 
READY 


10 BITS 
DATA IN 


NC 


748S225/A 


LD 


P 6CKA 

» LD OR 
CKB ; 

UNLD  UNLD 

CKOUT CKIN aR 

IR 


UNLD  UNLD | 
CKOUT CKIN 
R 


UNLD J 
CKOUT CKIN 


IR 
DO Qo 
D1 Qi 

Q2 
D3 Q3 
D4 Q4 


DO 
D1 
D2 
D3 
D4 


Figure 9. 48x10 FIFO with 74S225/A 


OUTPUT 
READY 
UNLOAD 
CLOCK 


_. OUTPUT 
ENABLE 


10 BITS 
DATA OUT 
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Low Power First-In First-Out (FIFO) | 


64x5 Memory 
67L402_ 


Features/Benefits Ordering Information 
¢ Guaranteed 5 MHz shift-out/shift-in rates | 3 
© Low power consumption 

© TTL inputs and outputs 

¢ Readily expandable in the bit dimensions 


e Structured pinouts. Output pins directly opposite corres- 
ponding input pins 


e Asynchronous operation | 


Description 


The 67L402 is a low-power First-In First-Out (FIFO) memory — 
device with TTL speed. This device is organized in a 64x5-bit 
structure and easily expandable to any width. A 5 MHz data raté™, 
with fast “fall through” time allows usage in tape and. disc*, 
controllers, printers and communications buffer ae @ a} B10 ns. 


“falls through” to the empty space closest to th, (output: 
shifted out in the same sequence it is shifted it ip. ¥ 

can be increased by putting the Input Read /" 

AND gate to give acomposite Input Re 
Ready signals should be gated to fe 
Ready. 


Generally, FIFOs are used jr, 
transfers when source ang ¢ 
same data rate. FIFOs,Z : 


- 67L402 is particulg 
Critical. 


MASTER RESET 


nc [1 181 VCC 
INPUT READY [{ 2. 171 SHIFT OUT 


SHIFT IN [3] 16] OUTPUT READY 
Do LS 15] Og 
67L402 
Dy 4] 0, 


DATA IN 4 D2 L8) | 13] Op ? OUTPUTS 


GNDI 9) 10] MASTER RESET Plastic Chip Carrier 


67L402 


Absolute Maximum Ratings 


Supply voltage VGC. She oti etiwanda webshot setae a tems waa bulbs eens earmanaeiet adnate ede cane m wanes -O5Vto7V 
INDUtVON AGC encx ts ee ceaecacan tate kiweux eaewareneoes eee ee Tee ee eee a rT Tae een ree ees -15Vto7V 
Olfestate OUlpUtVOltage: : tx oui gais ue ayidieet ac mts wang acute sea ie wine are e a gle dda ave im awed as whee .. 705Vt0o5.5V 
SlOhage TEMPE! Alle. xa. hake cat amrg heck oe Cneenene weed ees Beale Rae ee ee Wh Bh ences -65° to +150°C 


Operating Conditions 


Foo men [rine ay REE Tor 
Shift in LOW time 1 cw 
+ hat Bs ease 

Shift Out LOW time fs 
a 


eed hgy, 
ery. 
iy 
peel tide 


SYMBOL 
Shift in rate 


toon | Ouspursae. tolforeviguttins) ’ 
Hops | er ST me VOGC I 


Master’Reset to OR rot 


tMRIRH Master Reset to IR HIGH’ 
| PH Input Ready pulse HIGH 
- Output Ready pulse HIGH 


t See AC test and application note 


Test Load 
| 5V 
Input Pulse 0 to 3 V 
, | 5601) Input Rise and Fall Time (10% - 90%) 
* The “TEST POINT” is driven by the output under test, ea CRN 
d observed by instrumentation. TEST POINT* ‘ager 
° 1.1ki) 30pF Measurements made at 1.5 V 
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Electrical Characteristics over Operating Conditions 


| TEST CONDITIONS 


SYMBOL PARAMETER 


, 
High-level input voltage 
Input clamp voltage = MIN 


Low-level 


input current 


Functional Description 
Data Input | 


After power up the Master Reset is pulsed low /é 
prepare the FIFO to accept data in the first locationWiey 

Ready (IR) is HIGH the location is ready to acceptefata fror 
D, inputs. Data then present at the data inp its” 


end of the device while empty locations wilbubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. ' 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 


* Not more than one output should be shorted at a time and duration of the short-circuit si (0 nt 
t This is an absolute voitage with respect to device GND (Pin 8 or 9) and includes all ; ; 


AC Test and Application Note 


MIN TYP MAX | UNIT 


Since the FIFO is a high-speed device, care must be exercised in 
design of the hardware and the timing. Though the external data 
rate is 5 MHz, internally the device is several times as fast. Device 
grounding and decoupling is crucial to correct operation, as the 


. FIFO is sensitive to very small glitches caused by long reflective 


lines, high capacitances, and/or poor supply decoupling and 
grounding. We recommend a monolithic ceramic capacitor of 
0.1 uF directly between Vcc and GND with a very short lead 
length. In addition, care must be exercised in timing setup and 
measurement of parameters. For example, since an AND gate 
function is associated with both the Shift In-Input Ready Com- 
bination as well as the Shift Out-Output Ready Combination, 
timing measurements may be misleading. i.e., rising edge of the 
Shift-In pulse is not recognized until Input-Ready is High. If 
Input-Ready is not high due to too high a frequency, or the FIFO 
being full or affected by Master Reset, the Shift-in activity will be 
ignored. This will affect the device from a functional standpoint, 
and will also cause the “effective” timing of Input Data Time 
(t}iDH) and the next activity of Input Ready (tjpi_) to be extended 
relative to Shift-In-going High. a <8 
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SHIFT IN 


INPUT READY 


TAANTEIKTRIKTTIN a 
CLAY ii 


tlos 


INPUT DATA E 
za 


mss, 
tity 
Mery 


ohh, 


SHIFT IN 
INPUT READY 

VOY VKUNTOVAVNN | 
ee WAY YHY 
SHIFT IN 
INPUT-READY 


AY WWW VRL TYLA AYY YER YER LY 


INPUT DATA ANA YYYVYYYYYYNYYYYYYYRRYYYXYY KEY YY YY LKEYY YY YY LKE KY YY YKEL YY YY LEEK 


Figure 3. The Mechanism of Shifting Data into the FIFO 


CQ) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

(2) Input Data is loaded into the first word. 

(3) input Ready goes LOW indicating the first word is full. 

(4) The Data from the first word is released for “fall-through" to second word. 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


TENNANT CESS 


oe oe oe £o oe oe oe oe oe OO Oe 2 oe 8 Oe 8 ee 2S 2 08 ee ee OS Oe OS SO 8 8 8 78 Oe 2 0 8 8 2 SO 0 8 8 2 2 


CN 
(1) FiFo is initially full, 4 a ie) j 
“ta es Fil 
(2) Shift Out pulse is applied. An empty location start “bubbling” ¢éajhe = 
; “y ’ a 


a 
ee 
fay, iy, bearareeptt™ é 
“Yay “ty i 
ny, 


*y i My 
a cad 


g fem, 
" "y # 
Yay % My f 


(3) shit In is held HIGH. a, Matt “ “hy, 
: *h tte, “ing 7 
f 4 : “herapretlt F “agit 4 tng 

G) As soon as Input Ready becomes HIGH the Input Dgfa loaded into the first, wart, "y | 


: fi fo ae &, fof 
G) The Data from the first word is released for “fall shep ugh"s,td-gecond words” 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


A-DATA C-DATA 
‘© 
C) The diagram assumes. that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively 


Figure 5. Output Timing 


67L401 


200 ns <——__—________———- 200 ns —__________-> 


SHIFT OUT a 


OUTPUT READY 


- XS | eDara 
OUTPUT DATA | AX ; , | 


& 45 ns 


Figure 6. Typical Waveform for 5 MHz/ St 


SHIFT OUT 
OUTPUT READY 
(58) 
; S AXTNTTNTNTNAT 
eee aa gies YY) dune 
<«———- AOR B 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


C) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

(2) Shift Out goes HIGH causing the next step. 

(3) Output Ready goes LOW. 

(4) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

Ga) Output Ready goes HIGH indicating that new data (B) is now avaitable at the FIFO outputs. 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
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SHIFT IN 


SHIFT OUT 


OUTPUT READY 


C) FIFO initially empty. Fiat Fe 5 
ar: yo 
gure 8. tp7 and top}, Specification ft pi 
. “%, off oP 
: ", , Yay, 4 iti "bony 
F ii. “ 
f on “Ye, “ by “bay, 


SHIFT OUT 


OUTPUT READY 


¢ ¢ re en 
cA % we "%, 
en, 4 Yaattl ptt 4 


OUTPUT DATA : a Vi ee 9 ac 
ff 7 ff r fs rastanel 
hi ff fin 


ff , erty : “ny sy i ty, “ud if i, 
, Whenever’ Out dOutput Ready are Both HIGH 


(4) Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


oo (5) As soon as Shift Out goes LOW the Output Data is subject to change 
as shown by the dashed line on Output Ready. =e 


MASTER RESET —_yloplimm 


OUTPUT READY 


SHIFT IN 


(1) Firo initially full. | | es 8 : 
. Figure 10. Master Reset Timing 


67L402 


COMPOSITE 
INPUT READY 


SHIFT IN 


Applications 


FIFOs are typically used as temporary data b bet? 
mismatching data rates. Such an applicatiQn.js 
Figure 12. , 


D 2x67L402 


PAPER 


TAPE yal 
READER BUFFER 


ENBLSI 


Figure 12. FIFO As Data Buffer Between Slow Steady Rate 
and Fast ‘Burst’ Rate 


SHIFT OUT 


COMPOSITE 
OUTPUT READY 


2x67L402 


00-010 


TRI-STATE 
REGISTERS 


2x67L402 
64x10 


OR 
so 


NOTE: Both depth and width expansion can be used in this mode. 


Figure 13. Bidirectional FIFO Application 
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First-In First-Out (FIFO) §C67L4033D 
64x5 Memory 
15 MHz (Cascadable) _ 


Features/ Benefits Ordering Information 


¢ High-speed 15 MHz shift-in/shift-out rates PART 
NUMBER TEMP DESCRIPTION 


¢ High drive capability 
C67L4033D 15 MHz in/out 


e Low-power consumption 

¢ Three-state outputs 

e Fully expandable by word width and depth 
_¢ Half-Full and Almost-Full/Empty status flags 


¢ Structured pinouts. Output pins directly opposite 
corresponding input pins. 


Pin Configuration 


C67L4033D 


e Asynchronous operation 
© TTL-compatible inputs and outputs | get 20] vec 


ALMOST FULL/ 


. . : HALF FULL | 2 | 19] EMPTY 
Description | _ 2 | INPUT READY[ 3) SHIFT OUT 
The C67L4033D is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 15 MHz input/output rates. The data SHIFT IN [4] AU OUTPUT AEARY 
is loaded and emptied on a first-in-first-out basis. It is a three- pol 5| 16 OO 
state device with high-drive (lo, = 24 mA) data outputs. These 
devices can be expanded to any word width and depth. It has a p11 6) 15] 01 
Half-Full flag (thirty-two or more words full) and an almost pata } p27) 4lo2 }ourput 
full/empty flag (fifty-six or more words or eight or less words). 
The main application of C67L4033D is as a rate buffer; sourcing | D3[8| 139 O3 
and absorbing data at different rates. Other applications are | 
high-speed tape and disk controllers, data communications sys- | p48 12] 04 
~ tems and plotter control systems. GND 10] 11] MASTER RESET 
Block Diagram ae ees 
: OUTPUT ENABLE 
1 

16 55 

a 

14 

02 
64x5 
Lae 


.REGISTER 


INPUT READY «—~ INPUT REGISTER OUTPUT SHIFT OUT 
CONTROL CONTROL |<) CONTROL one 


4 
SHIFTIN—>| LOGIC LOGIC LOGIC 
. . : READY 


FLAG 
CONTROL 
LOGIC 


2 19 
HALF FULL ALMOST FULL/ 


deepest ay AEE 
MASTER RESET a >o 
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Absolute Maximum Ratings 


Supply VOlage VGC: sssecseseistess time decslona ees iawa geo pee ee wee ee h ON o 45s nea Gedeee a ceee deena deme -0.5Vto7V 
INDULVONAQG? 6.4 pen baste suey as eater sake seas tae aek aw awe Asa ROR Se MeE Gee eek Gobo waee ie ey oe oases -15Vto7V 
Off-stateOutput voltage * 2 i5.5.ivicc on eloites sans Sees e dd eee aera eR OSES OTS oes ered Deel eens eakeeas mews -0.5 V to 5.5 V 
Storage temperature 62654035 is ok oa wee hae SO teh oS Se tee 4G eee Ree ees eek sees erectaiese carats -65°C to +150°C 


Operating Conditions over Temperature Range 


COMMERCIAL | 
SYMBOL PARAMETER | FIGURE ne nie max | UNIT 


[veo | Swppvvotge —SS~S~S~SSS~idi AS SSS 
n_| Operating teeairtonperte ———SCSCS~=~“‘“itS*“‘i*L'NS™™™W™O~OUC} 
ring | outta setup to inputResay) «Sk 
Tour | Snkowte —SSCSC~irCi 
fu LOW 
ee 


= 
on 


ze 8 
N 


tsoL Shift Out LOW time 
tMRW. Master Reset pulse 
lturs’* Master Reset to Sl 


24 
15 
26 
26 
17 
15 
35 
35 


* See AC test and high-speed application note. 


** If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 


Electrical Characteristics over Operating Conditions 


SYMBOL | PARAMETER Scalia 


a 
Ti [ Maximum input current [Voo=max [vi =ssv [SSS 
lou =24ma PS 


Low-level |Output, O | 
VOL output 
voltage IR,OR,HF,AF/E | loL =8mA 


High-level | Output, O IOH=-3mA 
output Vcc = MIN 
voltage |IR,OR,HF,AF/E | IOH = -0.9 mA 

| log** | Output short-circuit current | Vo¢c=MAX | Vo = OV. 

| | | Vo =04V 

| ton Off-state output current Voc = MAX 2 

lOZH Vo =24V 


2 All inputs low. 
ioc Supply current Voc = MAX All outputs open. 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


hed 
A 


gi 
= 


nm 
os) 
ie) 
ro) 
3 
> 


mA 


— 
N 


I 
gi . 
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COMMERCIAL 


SYMBOL PARAMETER ; FIGURE | : 


~ 40 


Switching Characteristics Over Operating Conditions eo ee 
MIN 


| MAX 
ng 


-toRH “Shift Out | to Output Ready HIGH j 


> 
on 


C 
2 


NO 


topH Output Data Hold (previous word) 

tops Output Data Shift (next word) 

tpT Data throughput 4 
* 


1600 


twRORL | Master Reset | to Output Ready LOW 
tMRIRH Master Reset f to Input Ready HIGH 


'MRIRL* | Master Reset | to Input Ready LOW 


tuRO | Master Reset | to Outputs LOW 


) Out | 10 

Input ready pulse HIGH | | 4 
i 11 

| | - . oe 


1 
, 
8 
10 
10 
10 


ee 
bea! 
Le 
owe a 
ae 
eae 40 
a 
be! 
Led 


topH Output ready pulse HIGH 

Output ready f to Data Valid 
tacEH” Shift Out {to AF/EHIGH 
tacL Shift In t to AF/E LOW 


taFL Shift Out t to AF/E LOW 


taFH Shift In t to AF/E HIGH 


hp] a 

hi N 
| Oo 
@ oO 


i.e) 
NO 
Oo 


Sv] 


| 1400 | ns 


tHFH’ | Shift In t to HF HIGH 
tHFL Shift Out t to HF LOW 


tpHz* 
tpLz 


t is . | 
PZL —| Output Enable Delay 
tPZH" | 


* See timing diagram for explanation of parameters. 


12 
12 
13 
13 


Output Disable Delay. 


Go 
N 
© 


© 
“hid! @isi @ | © 


Three-State Test Load OUTPUT ENABLE 
- | . OV 
vcc 
a WAVEFORM 1 S1 CLOSED i 5V 
$2 OPEN 3 Voz 10.5 V 
TEST POINT VoL 
O tpzH—> | | | e 


WAVEFORM 2 $1 OPEN 
$2 CLOSED 


i $1 AND 
Vp=1sVv $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. ee oa . 
Waveform 2 is for a data output with internal conditions such that the output 
is high except when disabled by the output control. 


See table on following page for Resistor values 


C67L4033D 


Standard Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dy inputs. Data then present at the the data 
inputs is entered into the first location when the Shift-In (SI) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out). tpt defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. The FIFO should always be cleared 
by using Master Reset before starting the operation. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


pte 
24mA (Data) | 2000 
8 mA (IR, OR, Flags) 600 2, 1200 9 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 uF directly 
between Vcc and GND with very short lead length. In addition, 
care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready com- 
bination, as well as the Shift-Out-Output Ready combination, 
timing measurements may be misleading, i.e., rising edge of the 
Shift-In pulse is not recognized until Input ready is HIGH. If 
Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
Data Hold time (T|pH) and the next activity of Input Ready 
(TiRL) to be extended relative to Shift-in going HIGH. This same 
type of problem is also related to TIRH, TORL and TORH as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 
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Timing Waveforms 


INPUT READY | ta 
INPUT DATA Ke CONTEND 


Figure 1. Input Timing 


66 Grigg, | 6 a ee 


SHIFT IN 


INPUT READY 40ns > 26ns —> 


INPUT DATA X= HCUACURCCCCUCU — CARRY 


—<— Ons 


Figure 2. Typical Waveforms for 15 MHz Shift-In Data Rate 


eo | , 7 Nee 


INPUT READY 


mor onra JIM) sro n> IARI OOOO OOOO OO OOOO 


Figure 3. The Mechanism of Shifting Data into the FIFO 


® Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 

@ Input Data is loaded into the first word. The data from the first word is released for “fall-through” to second word. 

@® Input Ready goes LOW indicating the first word is full. | 

® Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
@® If the second word is already full then data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Note: Shift-in pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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(2) 
SHIFT OUT 7 
[ $$ 
SHIFT IN 
(4) 
INPUT READY Q tpT —<—— ti pH——_- 
tRIDS tRipbH ———_> 


now on FD CN 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 
Q@) FIFO is initially full. 


@ Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
@ Shift In is held HIGH. 


@ As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


V/fout ——_—___——> |= ———_ tout ——_—_——ccqwc 


SHIFT OUT 
«—— tg9q4q ——>- | <——— tonH > 
OUTPUT 
READY 
<——tops >|<—>|tonp torL 
ANAAAA/ ANNNAA/ 
a (| =< SND QS 
topH 


Figure 5. Output Timing 


@ The diagram assumes that at this time, words 64, 63 and 62 are loaded with A, B and C Data, respectively. 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


66.6 ns ——_—______—___—_> |<____—_____—_——_— 66.6 ns —________________> 


SHIFT OUT. ¥ 
a 
40 ns 
OUTPUT . VYAVAVAYAY,Y, VAVAVAVAYAN,) 
DATA _) AAA AAA 
12 ns 


Figure 6. Typical Waveforms for 15 MHz Shift-Out Data Rate 


@ The diagram assumes that at this time words 64, 63 and 62 are loaded with A, B and C Data, respectively. 
@ Data in the first crosshatched region may be A or B Data. 


2-69 


C67L4033D 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing the contents of word 63 (B-Data) to be released for fall-through to word 64. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 
) SHIFT OUT 


OUTPUT READY 


“Figure 8. tpt and topH Specification 


@ FIFO initially empty. 
@ Shift-Out is held HIGH. 


SHIFT OUT | \ 


fain, 
TUTTI LLL LLL, 


OUTPUT READY 


OUTPUT DATA A-DATA_ 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@) Word 64 is empty. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@ New data (A) arrives at the outputs (word 64). | 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


® As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or LOW depending on whether there are any additional upstream words in the FIFO. 
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MASTER RESET 
tMRW 
INPUT READY 
tMRIRH ———>- 


OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 


tMRO—> 


Figure 10. Master Reset Timing 


@) FIFO is partially full. 


SHIFT OUT 


ALMOST FULL/EMPTY 
<tsiH> 


SHIFTIN 


<«—taeEL > 


Figure 11. taeH, taEL Specifications 


G@ FIFO contains 9 words (one more than almost empty). 
SHIFT IN 


tSIH 
ALMOST FULL/EMPTY 
. (AFH ; tSOH 
SHIFT OUT 
—_— 
tAFL 


Figure 12. taFH, taFL Specifications 


@ FIFO contains 55 words (one short of almost full). 
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SHIFT IN 


HALF FULL 


SHIFT OUT 


Figure 13. tueL, tyrfH Specifications 


@ FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 


SHIFT OUT 


COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 
READY 
SHIFT IN 
MASTER RESET 
HF 
AF/E 
HF 
AF/E os 
HF 
AF/E 
The First Column of FIFOs The Last Column of FIFOs | 


Almost Full (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or less to FIFO empty 


Figure 14. 192x15 FIFO with C67L4033D 
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PAPER 
TAPE 
READER 


ENBL SI 


HALF FULL FLAG 


Figure 15. Application for C67L4033D “Siow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 
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First-In First-Out (FIFO) 
64x4 64x5 Memory 


35 MHz (Standalone) 


67411A 
67412A 


3 Features/ Benefits 

: e High-speed 35-MHz shift-in/shift-out rates 
e Choice of 4-bit or 5-bit data width 
e TTL inputs and outputs 
e Readily expandable in word width | 


e Structured pinouts. Output pins directly opposite 
corresponding input pins 


e Asynchronous operation 


Description 


Block Diagrams 
67411A 


64x4 BIT 
REGISTER 


OUTPUT 
CONTROL 
LOGIC 


REGISTER 
CONTROL 


MASTER RESET 


Pin Configurations 


NC [1 16) VCC 
INPUT READY [ 2 | SHIFT OUT 
SHIFT IN | 3 | 114 OUTPUT READY 
Do | 4 | 67411A 1139 OO 
ols 64x4 me 
DATA IN OUTPUTS 
D2 11 02 
D3 104 03 
GND | 8 | 9 | MASTER RESET 


The 67411/2A are “fall-through” high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits and. 64 words by 5 
bits respectively. The FIFO is expandable in word width only. It is 


Ordering Information 


PART 
NUMBER PKG TEMP DESCRIPTION 


67411A 35 MHz 64x4 FIFO 
67412A 35 MHz 64x5 FIFO 


the fastest FIFO available on the market. The FIFO is attractive 
for many applications such as disk controllers, communication 
buffers, rate buffers, etc. 


67412A 
15. og 
O1 
64x5 BIT 02 


REGISTER 


OUTPUT 
CONTROL 
LOGIC 


REGISTER 
CONTROL 


MASTER RESET 


NC } 1 118) VCC 
INPUT READY { 2. SHIFT OUT 


SHIFT IN } 3) 116] OUTPUT READY 


D1 5 | 67412A 14] O01 
—-64x5 
DATA IN ,D2 
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Absolute Maximum Ratings 


Supply voltage V6 ... ee eee cece eee e cence ences tended Sm Slee Ard Sia sake id Radice emia dutch Satta del oe Reaaetaers Some a -0.5Vto7V 
INPULVONAGS® 22:66 ois yee Suds toes beech Pen eae eee eek eee She REDE TA ete eens ima ch Riiaing tucatane Mapua names -15Vto7V 
Off-state OUIDUE VOILAGS isn ene eh ad od ae eens Sra eee whee det eee eo eR eae ce S Ma OE ae ae ae a aes eae ee -5Vto5.5V 
GIOPAG LEM PEFALUNS™ seassenra. Seared Saearc xn ies teal oecies nie cise danced ath eersne SAE bw eee Ube a a NCR ERER -65°C to +150°C 


Operating Conditions over Temperature Range 


COMMERCIAL 
MIN TYP max |UNIT 
5. S 


Voc 
Ta 
fans | MesterResettos@ TOC 


Switching Characteristics Over Operating Conditions 


COMMERCIAL 
DC 30 
N Shift In rate 1 a M 
| | DC TTT35 
T 


tart Shift In t to Input Ready LOW 12 18 
tinut Shift In | to Input Ready HIGH 14-20 


DC TT 30 
fouT Shift Out rate | 
DC TTT35 
ce eee es ey 


torit Shift Out f to Output Ready LOW 


f 
Copnit | Ou Data Hoi previous wors) ——SSS*dSSS 


Note: Typical at 5 V Vcc and 25°C Tan. 
i lf the FIFO is not full (IR High), MR low forces IR low returning high when MR goes high. 
t See AC test and high-speed application note. 
TT Tested. 
tf} Guaranteed by design (see test load). 


or 
: 
ye) 
(o) 
= Cc 
N N ar 
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Electrical Characteristics over Operating Conditions 


SYMBOL PARAMETER 


TESTCONDITION = {MIN TYPM 


Voc = MAX) V, = 0.45 V 


High-level output voltage | Vcc = MIN 


Icc Supply current 


3 


** See curve for Iog vs. temp. 


| Data Outputs) 
Voc = MIN c 
lOL 


Voc = MAX! Vy = 2.4V 


og = MAK 


IR, OR) 
loH (Data Out) 
lov (IR,OR) 


* Not more than one output should be shorted at a time and duration of the.short circuit should not exceed one second. 


t These are absolute voltages with respect to GND (Pin 8 or 9) and includes all overshoots due to test equipment. 
TT Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Fig. 10) to prepare 
the FIFO to accept data in the first location. Master reset must be 
applied prior to use to ensure proper operation. When Input 


Ready (IR) is HIGH the first location is ready to accept data from | 


the Dy inputs. Data then present at the data inputs is entered into 
the first location when the Shift-In (SI) is brought HIGH. A Sl 
- HIGH signal causes the IR to go LOW. Once data is entered into 
the first cell, the transfer of data from any full cell to the adjacent 
(downstream) empty cell is automatic, activated by an on-chip 
control. Thus data will stack up at the end of the device while 
. empty locations will “bubble” to the front. tpt defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When Sl is brought LOW and the FIFO 
is not full, |R will go HIGH, indicating more room is available. If 
the memory is full, IR will remain LOW. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 
OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 


stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpt). 


AC Test and High-Speed App. Notes | 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 60 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to. very 
small glitches due to long reflective lines, high capacitances 


- and/or poor supply decoupling and grounding. Monolithic 


Memories recommends a monolithic ceramic capacitor of 0.1 uF 
directly between Vcc and GND with very short lead length. In 
addition, care must be exercised in how the timing is set up and | 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, as well as the Shift-Out-Output-Ready combina- 
tion, timing measurements may be misleading, i.e., rising edge 


of the Shift-In pulse is not recognized until Input Ready is HIGH. 


If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 


_ will be ignored. This will affect the device from a functional 


standpoint, and will also cause the “effective” timing of Input 
Data Hold time (T)pH) and the next activity of Input Ready 
(T\RL_) to be extended relative to shift-in going HIGH. This same 
type of situation occurs with TORL and TORH as related to 
Shift-Out. Data outputs driving a bus should be limited to 10 
MHz frequency. For high-speed applications, proper grounding 
technique is essential. | , 
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Switching Characteristics over Operating Conditions (continued) 


Output ready pulse HIGH 


Standard Test Load 


5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 


Test Load 


Design Test Load 
(35 MHz) 


5V. 
2KN 
30 pF 


jrwoot/—_ramawever | rigor | aan rv mn [ONT 
Tien | InewesdypuseniGH —SCS~wSCSC~‘“~‘“ RSS*dSC id 

ee 
[ton | Ovputreeeyiobeevers dT 


*170 


Typical lec vs Temperature 
(Vec + MAX) 


57411/2A (Voc = 5.5 V) 


- 7411/28 (Veo = 525 VS, _ 
25 50 75 


-50 -25 0 100 125 
CASE TEMPERATURE (°C) 
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200 
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180 
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in 


Ngee 


SHIFT IN a—_— ts q#——> 


tiRH—~ 


INPUT READY tiRt—> 


INPUT DATA X}*—no}—>) AAA RAD 


tips 


Figure 1. input Timing 


28.6 ns ——__—_______—_> |< —___________. 28.6 ns. ——_________»> 


9ns aes ee 
i 


INPUT READY 12ns >» 14ns —» 


SHIFT IN. 


~<«— 2ns 


INPUT DATA X= POTD AYNTIIOXEIXEOXEOX—____CTAXXFROOOIROOORNOOI 
QO | ; 


Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate 


SHIFT IN 


INPUT READY 


wor usa I) — osu n> ITI EERO 


Figure 3. The Mechanism of Shifting Data into the FIFO 


Q) Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
(2) Input Datais loaded into the first word. The Data from the first word is released for “fall-through” to second word. 
@) Input Ready goes LOW indicating the first word is full. 
@) Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
G) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift-in pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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2) 
SHIFT OUT 
SHIFT IN 
(4) 
INPUT READY © tpT —<——— 1p y_—_—— 


Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


SOO: © 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


————_—_—__— I/fout —_—_—_—_—————> | ————|/tout ———_—> 
(2) 
SHIFT OUT — tsoH——" 
~<—torRH 
OUTPUT READY toro toORL 


tmM——tops————> 
toDH—> 


comromn [nme Kee IK cme 
— | | 


Figure 5. Output Timing 
Q) The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, Band C Data, respectively. 
@) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


+ _____—_—. 28.6 ns ——_______» |] <_________—_ 28.6 ns —__________» 


SHIFT OUT — 
OUTPUT READY Gana» Naa ns) | 
Leman 
cmon | non IK [vee 


No @ | | 


Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate 


qd) The diagram assumes thatat this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


@) Data in the first crosshatched region may be A or B Data. 
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GQ) (4) 
__ SHIFT OUT — = 
OUTPUT READY o eeeeeeeene. ene A en 
(5) 
OUTPUT DATA DATA | | AMAA ; _B-DATA 


AORB 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 
Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW. 
Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 


OOO oO 


if the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 


Figure 8. tpy and topH Specification 


G) - FIFO initially empty. 
(2) Shift Out held HIGH 


SHIFT OUT 


ITITIITITIITITITVITISVTTTITIT 
LUILULILLLLTLL ALI LLLI LLL LALA, 


OUTPUT DATA (YW 


OUTPUT READY 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 
Word 63is empty. . . . | 
Output Fieady goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 


Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


©OOOGO 


As soonas Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 
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MASTER RESET 
tuRWwW ——— 
INPUT READY 


tMRIRH —————->> 


OUTPUT READY 


tMRORL—> —____——tmrs ————__—______>> 


SHIFT IN 


DATA OUTPUTS 


twRO—> 


G) FIFO initially partially full. 


Figure 10. Master Reset Timing 
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First-In First-Out (FIFO) | 67413A 
64x5 Memory —=6sdmB 74413 
35 MHz (Standalone) 


Features/ Benefits | Ordering Information 


e High-speed 35 MHz shift-in/shift-out rates cops 
NUMBER TEMP DESCRIPTION 


¢ High-drive capability 
67413A 35 MHz-in/out 
67413 25 MHz-in/out 


e Three-state outputs | 
e Half-full and Almost-full/Empty status flags 


e Structured pinouts. Output pins directly opposite 
corresponding input pins. 
e Asynchronous operation 


Pin Configuration 
e TTL-compatible inputs and outputs | 


| OE] 1| 20) VCC 
inti | | ALMOST FULL/ 
Description HALF FULL [2 Ed ees, 


The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 35-MHz input/output rates (67413 
operates at 25-MHz in-out). The data is loaded and emptied ona SHIFT IN | 4 | OUTPUT READY 
first-in-first-out basis. It is a three-state device with high-drive 

(lo_ = 24mA) data outputs. These devices can be connected in gag Ul Srsice as 


INPUT READY } 3 | 18] SHIFT OUT 


parallel to give FIFOs of any word length. It has a Half-full flag ty ee cy 

(thirty-two or more words full) and an almost full/empty flag | 

(fifty-six or more words or eight or less words). The main appli- DATA D2 14] 02 OUTPUT 
cations of 67413A, 67413 are rate buffers; sourcing and absorb- os [a a] 03 

ing data at different rates. Other applications are high-speed 

tape and disk controllers, data communications systems and p49 129 4 


plotter control systems. 
GND [10] 11 MASTER RESET 


Block Diagram 


po——>—> 15 00 

D1 mir: Lae 14 O1 

D3—.—> REGISTER 13 03 

a 04 
3 18 

INPUT READY REGISTER OUTPUT SHIFT OUT 
CONTROL CONTROL 4 
SHIFT IN-——1—> | LOGIC LOGIC abd 


2 19 


ROR To age args T FULL/EMPTY 
MASTER RESET 11 So HALF FULL ALMOST FU 


2-82 


67413A/67413 


Absolute Maximum Ratings 


SUPPIY VOCE GG s rx eeee ac hacees eae ae ania hina ae hs eum adams teaah ence cae rac nbabawd etennetanaanwets -0.5to7V 
INDE VONAGE? artless Gn nen e win edna aeeemune Gh als Ward alam Nna Nl suai ta Wrutna to tea. ab Mii neuer ar GA aetha tute Mata ae Bone eam -1.5to7V 
Ofl-stare OUlDUL VOlLAGe: items oe scat s pairs areas seees indole Gta daly dials Rec day Antal es aah Whee Santee dade eae Baa ede -0.5 to 5.5 V 


SIOMAGS TEMPCIGIUNS:. .Ga2 heed wuts pare wie oulcieleBndR sen ue acek Bid Baa Grea od be Daa SRR ees -65°C to +150°C 


Operating Conditions 


ion | hputastarowte Sst fw SSCSC~sdSSS~S~S~Ci 
‘son? | StOwHIGHtine ——SSCidS=Ci Pe SCSC~SSSS~w 
Ftsor_ | SutOwtowime Sd) ss | SSSCSC~dCSSSS~w 
[tunis | MaserResetiost i wi ws S~Sd 


Switching Characteristics Over Operating Conditions 


67413A 67413 
SYMBOL PARAMETER FIGURE MIN TYP MAX MIN TYP MAX UNIT. 
- DC +730 


tigHt | Shift In | to Input Ready HIGH 14 20 14 25 | ns | 
5 


| DC ++30 
tort | Shift Out t to Output Ready LOW 12 28 zs 
20 14 25 Fons | 


Note: Typicals at 5 V Vcc and 25°C Ty. 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
j See AC test and high-speed application note. 
tf Tested 
*fT Guaranteed by design (see test load). 
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ewitcning Characteristics Over Operating Conditions (continued) 


mc] ——_raaren [| yO ws [oS a [OO 
eT ee a Co” 
SN 
[ono [Output aay HIGH to Oatvaid | 5 | ne 
Pac” [Shin OWHOAFIEHIGH | = 
Pak [anreaerevow | = 
ee — 
ee — 
— 

es 

ee 


alas Shift In t AF/E HIGH 
Shift In t to HF HIGH 
tHFL* Shift Out t to HF LOW 
tPHZ 

IPHZ lez fo Disable Delay 


iapiz 


Output Enable Delay 
tPZH ae a eS 2 


Note: Input rise and fall time (10%-90%) = 2.5 ns. * See timing diagram for explanation of parameters. 


67413A/67413 
Standard Test Load | 


OUTPUT TEST POINT 
R2 >= 30pF 


Typical Iigg vs Temperature 
Input Pulse Amplitude = 3V (Vec = MAX) 
Input Rise and Fall Time (10%-90%) = 2.5ns 
Measurements made at 1.5 V 


Design Test Load 


5 V 35 (MHz) 


2K 
Icc (mA) 


30 pF 


-55-50 -25 0 - 868 50 75 100 = 125 
CASE TEMPERATURE (°C) 
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67413 Switching Characteristics over Operating Conditions (continued) 


SYMBOL PARAMETER Pome ere NIT 
E MIN TYP max | UNI 


Output ready pulse HIGH ns 
Fogo | Ouputreadyr HiGHtoDataveid ———SS«d SS YSSCSC~S~S~S 


Note: input rise and fall time (10%-90%) = 2.5 ns. 
* See timing diagram for explanation of parameters. 
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Absolute Maximum Ratings ea, | 
Supply voltage: Vig Ginette aes atic hee nnd) tire eee sa nem a euenikues anaes Pagtd arly ct dcedie Rete ee eabes: -O5Vto7V 


IDOE VONAGS! kita cate deta ots yrs ns wens aaiieue waa ticideemeaatd ein aa ia teauealane® Serer rer reir -15Vto7V 
Off-state output voltage Scar cia hea autiee easier eee Se ee TL ee en ee ee ee ee rere ae ieltattoige, Sepa aun . -0.5 V to 5.5 V 


Storage temperature ........ ccc cee eee eee Se eeene we staan Aa me eek een roe ee yo Peer re voce eeenes -65° to +150°C 


6741 3 tle Conditions Over Temperature Range 


ape ates 


ce a ov 
= ol 
kc a oe ec ESI! KT 
rut | Shitin owtme ————SSSS—S~dSt  SSOSCS~d 
‘ios | Wowsatsetup —SSSCSC~—S a i 
a 
Misout | Sntownictme —SSSCS~—~—~—rCiSCidt Be SS~—s 
risor_ | ShitoutLowime ———SSSSCSC~C~—~sC Sp mSSS~—S 
ww | MastrResetpuset—SSSCSCSC~sC wSSS~S~s 


67413 Switching Characteristics over Temperature Range 


COMMERCIAL ee 
PARAMETER MIN TYP MAX 


Cea a Oe ea 
‘ont _| ShitOui to Ouputfeawyiow ——=SCi~dtSCsSSSCSCSSCS*~< 
"shit Outi0 Outpt Reaay HGH «ts | 
oupurons ras reves wer) sf 
[apn a Stee) Ps ca 
= 


SYMBOL 


or; Om 


oy; ant on 


tpT Data oe or “fall ae 750 


'MRIRL Master Reset | Input Ready LOW* 18 30 
Master Reset | to Outputs LOW | 32 55 


Note: Typicals at 5 V Vcc and 25°C Ty. 
* If the FIFO is not full (IR High), MR tow forces IR low, followed by IR returning high when MR goes high. 
T See AC test and high-speed application note. 
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Electrical Characteristics Over Operating Conditions 


Vit Low-level input voltage 


Low-level input current Voc = MAX 
ly High-level input current Vec = MAX 


loL 
Vcc = MIN lOL 


lOL 


|OH 
IOH 
IOH 


VOH High-level output voltage Vcec = MIN 


Vcc = MAX 
Off-state output current Ze 
loc 


SYMBOL PARAMETER TEST CONDITION 


NO 

—- 
| © 
4 CO 
on —* 


< < = Sen See fc eee 
>| b> | > S 


Vic Input clamp voltage Veco = MIN | 1) = -18mA 


V) = 0.45 V 
V)=24V 
V)=5.5V 


Data outputs) 


IR, OR) 


Flag outputs) 


Data outputs) 
IR,OR) 
Flag outputs) 


( 


Vo=0V 
Vo=24V 
Vo= 0.4V 


Supply current Voc = MAX. All inputs low. All outputs open. (67413A/67413) 


MIN TYP MAX | UNIT 


-250 
50 


—_ 


67413A 

67413 24 mA 
67413A 

67413 8 matt 
67413A 

67413 ee 


-3.0 mA 
67413A 
e7aig. | mA 
-0.9 mA 


0 


2.4 


mA 
uA 
wA 
mA 


20 -90 
+20 
~20 

**240 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


** See curve for log vs. temp. 


ij There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment. 


tT Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input , 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dy inputs. Data then present at the data 
inputs is entered into the first location when the Shift-In (Sl) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out). tpt defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. 


Data Output 


Data is read from the Oy, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 


presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for atleast tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 uF directly 
between Vcc and GND with very short lead length. In addition, 
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care must be exercised in how the timing is set up and how the 


parameters are measured. For example, since an AND gate . 7 


function is associated with both the Shift-In-Input Ready 
combination, as-well as the Shift-Out-Output Ready combina- 
tion, timing measurements may be misleading, i.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 


will be ignored. This will affect the device from.a funcitonal 
standpoint, and will also cause the “effective”. timing of 
Input Data Hold time (T;p}H) and the next activity of Input Ready 
(TIRL) to be extended relative to Shift-ingoing HIGH. This same 


‘ type of problem is also related to Tj|RH, TORL and TORH as 


related to Shift-Out. Data outputs driving a bus should be limited 


to 10 MHz frequency. For high-speed applications, proper 
grounding technique is essential. 


If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 


nen AAA 


tips 


Figure 1. Input Timing 


| (40 ns) 28.6 ngs ——————____» |<_______—__ (40 ns) 28.6 ns ——_——___—_—__» 


(18 ns)___,\ 


- SHIFT IN 
| a 10 ns \_) 


INPUT READY (12 ns). | Sree 
LMM (urge (((((00000000000000) A RA 


“ie 


Figure 2. Typical Waveforms for 35 MHz Shift-in Data Rate (67413A) 


SHIFT IN 


INPUT READY 


INPUT DATA 


<a 


mK HONGOONGO NCR AE mi) 


Figure 3. The Mechanism of Shifting Data into the FIFO 


Q) ‘Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
. @) Input Data is loaded into the first word. The Data from the first word is released for “fail-through” to second word. 
@) Input Ready goes LOW indicating the first word is full. 
@) ‘Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
5. If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
Note: Shift-in pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 
SHIFT IN 
| (4) 
INPUT READY © tpT tt] P}_—__ 


44, 


INPUT DATA 


Nt 


Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. . 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


O© © © 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


($$$ Igy tt] ——__$_—_—_—_ |<—__—_—_—_—_—__ I/tout ——______—> 


SHIFT OUT tsoH t—_—_——tso_-—____ og 
~<—tORH 
OUTPUT READY tornp>> toRL 
———tops——_— 
toDH 


ie (|) CD |) 
— Zz | 
Figure 5. Output Timing 


@. The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
(2) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


<—___—_—_—— (40 ns) 28.6 ns <—______— (40 ns) 28.6 ns ———____» 


SHIFT OUT 


OUTPUT READY | 
a eC | ¢ cD <a 
Ps @ | | 


Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (67413A) 


Q@) The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Datain the first crosshatched region may be Aor B Data. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW. 
Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


©OO OO 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 


Figure 8. tp7 and top}, Specification 


0) FIFO initially empty. 


SHIFT OUT X 


VTITITTITIVVITITITTATS TST TT 
LILILILITILLLLLITTLLL LLL 11. 


OUTPUT READY 


@) OQ | 
cummuroata Kae XID 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


Word 63 is empty. 
Output Ready goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 


Since Shift Out is held HIGH, Output Ready goes immediately LOW, 


QOOOOO 


As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. x os 


67413A/67413 


MASTER RESET 


tMRW 
INPUT READY 
(1) 
tMRIRH ————— 
OUTPUT READY 
tMRORL—> tuRS ———_______> 
SHIFT IN 
DATA OUTPUTS 
tMRO—> 


Figure 10. Master Reset Timing 
C) FIFOis partially full. 


SHIFT OUT 
--—_--_-—___--__--——__- 
<tsoH—> 
ALMOST FULL/EMPTY 
<—— taEH > <tsiH> 
———_—— tae, ———_—> 


SHIFTIN . 


ef 


Figure 11. taeH, tae Specifications 


Q) FIFO contains 9 words (one more than almost empty). 


tSIH 


ALMOST FULL/EMPTY 


SHIFT OUT 


Figure 12. tary, tar, Specifications 


@) FIFO contains 55 words (one short of almost full) | 
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SHIFT IN 


HALF FULL 


SHIFT OUT 


Figure 13. trie, ty4F4 Specifications 


©) FIFO contains 31 words (one short of haif full). 


OUTPUT 
ENABLE 


SHIFT OUT 


COMPOSITE 
INPUT COMPOSITE | 
READY |) OUTPUT 
| ~ READY 
SHIFT IN 
MASTER RESET 


Figure 14. 64x15 FIFO with 67413A/67413 


FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite input and Output Ready flags. This requirement is due 
to the different fall through times of the FIFOs. 


PAPER 
TAPE 


67413A/67413 


READER 


ENBL SI 


HALF FULL FLAG 


Figure 15. Application for 67413A “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 


Three-State Test Load 


vcc 
R1 
TEST POINT* 
s1 
(SEE 
OUTPUT NOTE B) 
CL 
SOF R2 
{ : 
Design Test Load 
OUTPUT ay 
CONTROL 
(LOW-LEVEL | 
ENABLING) ov 
WAVEFORM 1 S1 CLOSED 15V 
(SEE NOTE 2) S2 OPEN 0.5V 
VoL 
—<— 'pz2H—> | 

_— Vou 
WAVEFORM 2 S1 OPEN O5V 

(SEE NOTE 2) S2 CLOSED —— 1. 

S1 AND 
S2 CLOSED 


Notes: A. 
B. 


Enable and Disable 


All diodes are 1N916 or 1N3064. 

Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 


. In the examples above, the phase relationships between inputs 


and outputs have been chosen arbitrarily. 


. When measuring propagation delay times of three-state outputs, | 


switches S1 and S2 are closed. 


First-In First-Out (FIFO) 
64x4, 64x5 Memory 


40/15 MHz (Cascadable) 


CMOS 


~67C401/13 
67C402/23 


Features 

e Zero standby power , | 

e High-speed 15-MHz shift-in/shift-out rates 

¢ Very low active power consumption 

e TTL-compatible inputs and outputs 

© Readily expandable in word width and depth 

¢ RAN-based architecture for short fall-through delay 
e Full CMOS 8-transistor cell for maximum noise immunity 
e Asynchronous operation 

¢ Output Enable feature (67C4013/23) 

General Description 


The 67C40X/XX series devices are high-performance CMOS 
RANM-based First-In First-Out (FIFO) buffer memory products 
organized as 64 words by 4 or by 5 bits wide. These devices use 
Monolithic Memories’ latest CMOS process technology and 
meet the demands for high-speed, low-power operation. By 
utilizing an on-chip, dual-port RAM, a very short fall-through 
time is realized, thus improving overall system performance. By 
using both Read and Write pointers for addressing each memory 
location, the data can propagate to the outputs in much less time 
than in traditional register-based FIFOs. These FIFOs are easily 
integrated into many applications and perform particularly well 
for high-speed disc controllers, graphics, and communication 
network systems. The 550-,.watt standby power specification 
makes these devices ideal for ultra-low-power and battery- 
powered systems. 


Biock Diagram 


INPUT SHIFT 
READY IN 


DATA IN 


INPUT 
REGISTER 


MASTER 
RESET 


READ 
POINTER 
COUNTER 


WRITE 
POINTER 
COUNTER 


64x4/5 
DUAL PORT 
RAM 


OUTPUT 


OUTPUT OUTPUT 


ENABLE 


CONTROL 


REGISTER Locic 


SHIFT OUTPUT 
OUT READY 


DATA OUT 


Ordering Information 


PART 
NUMBER PKG, TEMP | OUTPUT | DESCRIPTION 


67C401-10 N,J,NU Com Totem Pole| 10 MHz 64x4 
67C401-15 NJ.NL] Com | Totem Polel 15 MHz 64x4 
67C4013-10 NJ.NL| Com | 3-State | 10 MHz 64x4 
67C4013-15 NJ.NL] Com | 3-State | 15 MHz 64x4 
67C402-10 NuJ.NL} Com Totem Pole| 10 MHz 64x5 


Pin Configurations 


67C401/13 
NC/OE [1 | vcc 
INPUT READY [| 2 | SHIFT OUT 
SHIFT IN [3 | OUTPUT READY 
Do 00 
D1 O1 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 
67C402/23 
_NC/OE 181 VCC 
INPUT READY SHIFT OUT 
SHIFT IN [ 3 | 116] OUTPUT READY 


159 OO 
144 01 
13] 02 
129 03 
if 04 


110] MASTER RESET 


DATA IN D2 OUTPUTS 
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Absolute Maximum Ratings 


SUPDIY VONAGE V OCs sanciace entena does ee esis AA Gene eek SUR e ots Shae ieee Ns eNN eRe T eens -0.5Vto7V 
IIDULVONEOO® tase aca 6a Roxette i Ge cas RNG HO Se BR OT OE a ke EE OO Cae OTe pe eee eh RES -15Vto7V 
Off-state:OUtpUt VOItage ss ince eas ak weaning laa ees Kadea eae aa pecan dee thay ea yier nen eee ee aoe ee -0.5 V to Voce +0.5 V 
Slordge (eMmperalure,, ailoPasw caren awe el ee ae lee wien ade Sa eae OT Ged We a Re Pad ea ga GEN ae eee S -65°C to +150°C 
POWER! CISSIDAUON: 2sa.4 new ecinrs ctiee Fas eats wen ad Moar ta Cale av Sen Na Ana Sl bw pad wa oe a ey ese 1.0W 
Latch=up tagger-current:(all outputs): tiie ise ee eaaietae ee S5 45d 4 oe Wk wR ea hss ee RoR eee wE UES Sow 140 mA 


Operating Conditions over Temperature Range 


67C40X/XX-10 67C40X/XX-15 
SYMBOL PARAMETER FIGURE MIN MAX | MIN MAX UNIT 
Operating free-air temperature 0 70 | 0 70 


Shift in LOW time 
Input data setup to SI (Shift In) 


* See AC test and high-speed application note. 


Electrical Characteristics Over Operating Conditions 


| -| 67C40X/XX-10 67C40X/XX-15 7 
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


vn | Lowsiewinputvorage | ——~S~=~<~S~S~S~SCSSdESSSSt «| 
0 
A 


VOL Low-level output voltage Vcc = MIN V 
= 0.4 0.4 


orsama | te | 


High-level output voltage Vcc = MIN 


kk 
los 
Standby supply curren Vin = Voc, 100 
ICC 
; ViIH_ = MIN, Vit = MAX 
Operating supply current fin =fout = MAX 35 45 mA 


Voc = MAX 
lOUT = 9 


* These are absolute voltages with respect to GND (Pin 9) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Switching Characteristics over Operating Conditions 


= 
Shift In t to Input Ready LOW | 
Shift In | to Input Ready HIGH 

Shift Out ft to ee ee Rae ReadyLOW LOW 


Shift Out | to ee ee Rae ReadyHIGH  — 
toDH Output Data Hold (previous word) | 


| Output Data Shift (next word) 


* See AC test and high-speed application note. 


Capacitances" | 


| . | | 67C40X/XX-10 67C40X/XX-15 
SYMBOL PARAMETER TEST CONDITION vir Sas AMIN max | UNIT 


* Not tested in production. 


OUTPUT ENABLE 


$1 AND 
S2 CLOSED 


WAVEFORM 1 $1 CLOSED 


S2 OPEN bah 


VOL +0.5V 


VoL 
tpZH 


WAVEFORM 2 - $1 OPEN 7 <= 
$2 CLOSED 1.5V 


$1 AND 
Vr =15 $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is fora data output with internal conditions such that the output is 

low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output is 
» high except when disabled by the output control. 
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Standard AC Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the Ox outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and O, remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 


Resistor Values 


Three-State Test Load 
TEST POINT* Vere 
; R1 
S1 
CL R2 
5 pF 
S2 


tHon 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 


- Voc and GND with very short lead length. In addition, care must 


be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-In-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-In 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (T}DH) 
and the next activity of Input Ready (Tip) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to T|RH, TORL, and TORH as related to Shift-in and 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. 
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ee neenne eee |, 


fin 
SHIFT IN <+<—— ts|q——" ——__—— s|_-—___—_——» 
tiaH-—> 
INPUT READY tiRL—> 
VAVAVAVAVAVAVAVAVAVAVAY 
M AXAANAA f\ y 


© woroara =o — > OEE 


\ 
tips 


Figure 1. Input Timing 


SHIFT IN 


INPUT READY 


INPUT DATA XKKXXXD 


~<&t—_—_— STABLE DATA———_»> 


OOO OROROTOO RID 


. Figure 2. The Mechanism of Shifting Data into the FIFO 
@ Input. Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@ Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 
® Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
© If the FIFO is. already full then the input Ready remains low. | . 
Note: Shift-In pulses applied while Input Ready is LOW will be ignored. 


_ SHIFT OUT ee 
@ 
SHIFT IN 
| 4) 
) | | 
INPUT READY ter tipH 
tRIDS >| <«—_——'RIDH ——__" 


TAKER AAA AAA AANA AAA AAA AAA NA NAV VAVATAVAVAVAVAYAYAYAVAYLY, 
ee, XXX XXXAXAAXAXAX AXA AAA AAA AAA ARAKAAKARAK AKAD OXY KXXXAXAXAXA 
. Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH | 


@ FIFO is initially full. 
@ Shift In is held HIGH. 
@® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO.. 
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 
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Wtout 1g yt ——————__» 
SHIFT OUT (2) 
OUTPUT 
READY a 
<«——'tops ~«—»/torp torL 
VAAAAA/ ANAAA\AS 
SD NC QUES 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e, OR and SO are both high together. 


(2) 
SHIFT OUT SS 
3) (4) 
Go ae ON 
OUTPUT READY 1) ay ee eee eres 
VAVAVAVAVAVAVAY 
OUTPUT DATA A-DATA AX AXHAY) B-DATA 
. AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@) Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@® Output Ready goes LOW. 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
@® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


SHIFT IN 
@ 
SHIFT OUT 
tpt Oe 
OUTPUT READY 


topH ——> 


Figure 6. tpt and topH Specification 


@) FIFO initially empty. 

@ Shift-Out held HIGH. 

@® Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In. 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 
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SHIFT OUT re - 


© | — a / WIZZ ZZ 


VL MMM MMMM Ahh he 


OUTPUT READY 


OUTPUT DATA 


| | A-DATA Xx 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Réady are Both HIGH 


@) The internal logic does not detect the presence of any words in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® Assoon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH orremain LOW depending on whether there are any adaitionall 
words in the FIFO. 


MASTER RESET 


tuRwW 
INPUT READY o 
tmRiIRH > 
OUTPUT READY 
—'MRORL—>| 
SHIFT IN 
DATA OUTPUTS 


Figure 8. Master Reset Timing 


Q) FIFO is initially full. 


lec vs. Frequency 


Ta =0°C. 


fin = fout 
Vit = MAX, Ving = MIN 


0 1 . 5 ss 10° 15 
. FREQUENCY — MHz . 
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Guaranteed Distribution of t}pH, tsOH vs. Temperature (For Cascadability Only) 
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Guaranteed Distribution of topH, tsjH vs. Temperature (For Cascadability Only) 
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7 


First-In First-Out (FIFO) 


64x5 Memory 


67C4033 


10/15 MHz (Cascadable) C CMOS 


Features _ 

e Zero standby power 

e High-speed 15-MHz shift-in/shift-out rates 

e Very low active power consumption 

¢ TTL-compatible inputs and outputs 

¢ Readily expandable in word width and depth 

e Half-Full and Almost-Full/Empty status flags 

e RAM-based architecture for short fall-through delay 
e Full CMOS 8-transistor cell for maximum noise immunity 
e Asynchronous operation 

e Output enable 


General Description 


The 67C4033 device is a high-performance CMOS RAM-based 
First-In First-Out (FIFO) buffer product organized as 64 words 
by 5 bits wide. This device uses Monolithic Memories’ latest 
CMOS process technology and meets the demands for high- 
speed, low-power operation. By utilizing an on-chip, dual-port 
RAM, a very short fall-through time is realized, thus improving 
overall system performance. By using Read and Write pointers 
for addressing each memory location, the data can propagate to 
the outputs in much less time than in traditional register-based 
FIFOs. These FIFOs are easily integrated into many applications 
and perform particularly well for high-speed disk controllers, 
graphics, and communication network systems. The 550 pwatt 
standby power specification of this device makes it ideal for 
ultra-low-power and battery-powered systems. 


| - INPUT 4, SHIFT IN 
Block Diag ram READY 


INPUT 
CONTROL 
LOGIC 


WRITE 
_ POINTER 
COUNTER 


iow, P=) FLAG ENABLE 
_ HALF FULL a CONTROL 
ALMOST FULL/ LOGIC 


EMPTY 


OUTPUT 


Ordering Information 


PART. | 


67C4033-10} NJ,NL- 10 MHz in/out 
67C4033-15 | N,J,NL_ -15MHz in/out | 


Pin Configuration 


6704033 


OEL1] | 20] vec 


HALF FULL | 2 | 


INPUT READY [ 3 | 


SHIFT IN | 4 117], OUTPUT READY 
‘po fs] | ria] 00 
pifel | ee 
pata | °2 [2] 02 | OTA 
D3 8 | 134 O3 
ufo} fiz] o4 
GND si] MASTER RESET. 
DATA IN 


INPUT - 
REGISTER MASTER 
RESET 
64x5 READ 
DUAL PORT POINTER 
RAM COUNTER 
OUTPUT 
OUTPUT 
CONTROL 
REGISTER LOGIC. | 
DATA OUT SHIFT OUTPUT 
OUT READY 
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Absolute Maximum Ratings 


SUDPIy VONAGE VG Gna aca0s Wh te sean ot emw ia ia beni cates aaa eee eae sewinnn ead gen beeeasee qed ena -0.5 Vto7V 
IN DUE VONRGO® coh nto ode scented sek alee anon tuna osk on ners aia eg Cae WA Eee te ea CA SAE a Sate Hab ORANG LE -15Vto7V 
Off-Stale OULDUL VOIAGS a ca:s cy tec esuorn wae rte diaes Soden cas vu rN hee ene eee ninase Geom sages -0.5 V to Voc +0.5 V 
SIOrage TEIMDClAtWe! : Oin eisai PAG ete eS See Se hy aah Mek SOE See CELE WGA ES ONE aR ewlelen ~65°C to +150°C 
POWCF GISSIDANION: knses 2a, 25.5 sonata tone eaten Gioace anor waar A ew eee wal hee oS aaah Su tah Bw ade nd es Bans Ganinae se eeeecues 1.0W 
Lateh-up: trigger CUIENT, GlOULDURS 5.06 ssn. e- sie earn oa ahah ea Faas Biv ne De CAC SANG SESS AES E Ee ow AGS RP ic We ReneS 140 mA 


Operating Conditions Over Temperature Range 


67C4033-10 


67C4033-15 
MIN MAX | MIN max | UNIT 


[ssa [as iss |v 
fo wilo mio) 
4 


id re 
[si re 
foi oe 
oid re 
Ts 
21 


foi ve 


i 
0 
‘wmw! | MestrResctpuse —SSSCS~“~—sCSSSSC~*d Bd 
a 


* See AC test and high-speed application note. 


| 
cm 
48 


Electrical Characteristics Over Operating Conditions 


67C4033-10 67C4033-15 
| SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


Off-state output current Voc = MAX GND<VouT <VCC | 5S 
rs eS 
0.4 


-1 1 
-5 fs) 
lOL = 20 vA 0.1 
VOL Low-level output voltage Voc = MIN : 
= 0.4 
A 


pA 
V 


i Sarma a 
IOH = -20 pA Vcc -0.1 Vcc -0.1 
Vcc = MIN V 
ouaedmin 
los"™ | Output short-circuit current | Vcc = MAX! Vo =0V 


~90 ~20 
Standby supply current | VIH = VCC 100 0 BA 
ge Voc = MAX} ViL_ = GND 


fiIN = fouT = MAX 


VOH High-level output voltage 


I 
N 


— 
oO 


> 


Operating supply current 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Switching Characteristics over Operating Conditions en: ae 
| 7 | a 67C4033-10 | 67C4033-15 
SYMBOL |. PARAMETER FIGURE | any - max | MIN MAX 
‘Shift In t to Input Ready LOW 
Shift In} to Input Ready HIGH | . 


) 
or 


—_ 


00 


| | 
8/8/8| [2 )4& 


Master Reset ! to Output Ready LOW 100 

Master Reset | to Input Ready HIGH 100 | 100 
tMRO Master Reset | to Ouputs LOW | 
Master Reset | to Half-Full Flag LOW 100 100 
Master Reset | to Almost Empty Flag HIGH 100. 100 


_ 
o 


~_ =k ee ae 9 om, ok, 
ie) —_ —_ ~_s —_ —_ —h | 


: 
: 


t 
Output Disable Delay 
fez . 
tez. - Output Enable Delay — | | 
tpZH | | 7 


i See timing diagram for explanation of parameters. 


BSN 


ah Ss 
—h aah, —_ 
as —_, as 
]o i) 


0 
0 


oak 
much 


wank, 
oak, 


0 
0 


ss 
s 


© | NO 
oOo; 


o 


_ 
BS 


Oo 


Ta = 25°C, f= 1 MHz 


CouT | Output capacitance ere =45V 


* Values not tested in production. 
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Three-State Test Load 
TEST POINT* vcc OUTPUT ENABLE 
S1 WAVEFORM 1 
CL 
5 pF R2 WAVEFORM 2 


Standard A.C. Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dx inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the Ox outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is.HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Oy remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 


$1 CLOSED 


$2 CLOSED 


S1 AND 
S2 CLOSED 


15V 


$2 OPEN VoL +0.5V 
| Vo. 
tpz7H 
VOH 
‘$1 OPEN Vou -0.5V 


$1 AND 
$2 CLOSED 


V7 =1.5V 


Figure A. Enable and Disable 


Waveform 1 is fora data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output is 
high except when disabled by the output control. 


Resistor Values 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Voc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-In-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-In 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (T|DH) 
and the next activity of Input Ready (Tjp,_) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to T]RH, TORL, TORH, and the Status Flag timing as 
related to Shift-in and Shift-Out. For high-speed applications, 
proper grounding technique is essential. 


ARPS rrr yh PoE hs PEs Sse shhh y =P rEhenn/Shhs ySPS-PUAt=PPFENR 
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HF and AFE Status Flags the FIFO contains thirty-one words, and SI and SO pulses are 
The Half-Full (HF) will be high only when the net balance of applied simultaneously, the HF flag may produce an arbitrarily 
words shifted into the FIFO exceeds the number of words shifted short pulse, depending on the precise phase of SI and SO. 


out by thirty-two or more (i.e., when the FIFO contains thirty-two 
or more words). The Almost-Full/Empty (AFE) flag will be HIGH 
when the FIFO contains fifty-six or more words or when the 
FIFO contains eight or fewer words (see Figures 9, 10, and-11). 


The flags will always settle to the correct state after the 
appropriate delay (e.g., THFL, THFH in this example). This 
property of the status flags will clearly be a function of the 
dynamic relation between SI and SO. Generally, the use of 


! Care should be exercised in using the status flags because they level-sensitive, rather than edge-sensitive, status detection cir- 
| are capable of producing arbitrarily short pulses. For example, if cuits will alleviate this hazard. 
| _ ; 
SHIFT IN fei eg 
tiRH—— 


INPUT DATA’ \ ’ (}-—ip# —> f NYY NYY VAYYYYYY YY) A\\y y VY\\YYYYY\\ YY Vy) \ 


tips 


Figure 1; Input Timing 


SHIFT IN 


INPUT READY 


pro Yo — AD 
Figure 2. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@ Input Data is loaded into the first available memory location. 
@® Input Ready goes LOW indicating this memory location is full. 
@® Shift-in going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
@® If the FIFO is already full then the Input Ready remains low. 
Note: Shift-In pulses applied while Input Ready is LOW will be ignored. 
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® 
SHIFT OUT 
@ 
SHIFT IN 
(4) 
@) | 
INPUT READY ter tiPH 
tRIDS —<——_—_—_—taipq ——____> 


wmpur Data YY YY XXX AXAXAAXAXAXAX 
Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


@ FIFO is initially full. 
@ Shift In is held HIGH. 
@® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 


@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 


SHIFT OUT (2) 
OUTPUT | 
READY a 
«———'ops ~—>]|torp tor. | 
VAVAVAVAVAY, AANA 
DATA — i 1 a SS SD (KKK as 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


@ 
SHIFT OUT Sa 
G) (4) 
ae ' 
OUTPUT READY XD) Peay ei cee een ee eed 

S) 
OUTPUT DATA A-DATA | QNAAKAAX) B-DATA 

AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
@ Output Ready goes LOW. 
® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
@® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 
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67C4033 


SHIFT IN 


@ 


SHIFT OUT 


OUTPUT READY 


Figure 6. tpt and toPH Specification 


Q@) FIFO is initially empty. 
@ Shift-Out is held HIGH. 


® Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In 
@® As soon as Output Ready becomes HIGH, the word is shifted out. 


SHIFT OUT x | 


@ ® 


Se a eee eres eae 
: Nh 
OUTPUT READY MMM 


OUTPUT DATA 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@ The internal logic does not detect the presence of any data in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


® As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words in the FIFO. 


MASTER RESET 
tMRw———>- 
INPUT READY wD) 
tmRIRH > 
OUTPUT READY 
tMRORL—>| 


SHIFT IN 


DATA OUTPUTS 


Figure 8. Master Reset Timing 


@ FIFO is initially full. 
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67C4033 


SN VTE ON ISD SE A Pe A A OS SN a a a a a 


MASTER RESET 


<«———— tRHFL———__»> 


HALF-FULL FLAG 


ALMOST 
FULL/EMPTY 


Figure 9. twRHEL: tMRAEH Specifications 


@ FIFO intially has between 32 and 56 words. 


<tson> 
SHIFT OUT 
<«—_—— ‘AEH 
ALMOST FULL/EMPTY 
—+——taeL 
SHIFT IN 


tsiH <_——_—_—- 


Figure 10. taeH, taEL Specifications 


@ FIFO contains 9 words (one more than almost empty). 


< toy > 


SHIFT IN 


ALMOST FULL/EMPTY 


SHIFT OUT 


Figure 11. taFH, taFL Specifications 


@ FIFO contains 55 words (one short of almost full). 
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| | 6704033 


SHIFT IN 


HALF FULL 


<< tyFH ———> ~<—tsoH 


SHIFT OUT 
SSS EE 
Figure 12. tyEL, thFH Specifications 


@ FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 
SHIFT OUT 
COMPOSITE 
INPUT COMPOSITE 
READY | OUTPUT 
READY 
SHIFT IN 
MASTER RESET 
HF HF 
AF/E AF/E 
HF HF 
AF/E a Kei AE 
HF So. HF 
AF/E | AF/E 


Almost Full. (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or less to FIFO empty 


Figure 13. 192x15 FIFO 
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67C4033 


PAPER 
TAPE 
READER 


ENBL SI 


HALF FULL FLAG 


Figure 14. Application for 67C4033 “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Expanding the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13. 


lec vs. Frequency 


Ta =0°C 


fin = fout 
Vit = MAX, Vip = MIN 


0 1 5 10 15 
FREQUENCY — MHz 
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} 
I 


TIME — ns 


67C04033-15 


67C4033-10 


67C4033 


Guaranteed Distribution of t;PpH, tsOH Vs. Temperature (For Cascadability Only) 


Veco =45V. 67C4033-15 


TIME — ns 


AMBIENT TEMPERATURE — °C 


TIME — ns 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Guaranteed Distribution of tcop}y, tsj}4 VS- Temperature (For Cascadability Only) 


67C4033-10/15 Veco =45V 67C4033-10/15 


AMBIENT TEMPERATURE — °C 


AMBIENT TEMPERATURE — °C 


Figure B. Cascadability 


-67C4500-35/50/65/80 yn 


Deep First-in First-out (FIFO) 


256x9 CMOS Memory 

ron) 
“NJ 
‘@) 
rw 
3 
DISTINCTIVE CHARACTERISTICS ° 
a) 
e RAM based FIFO e Retransmit capability 2 
e 256x9 organization e Expandable in both width and depth =) 
e Cycle times of 45/65/80/100 nanoseconds e Increased noise immunity for XI - CMOS il 
e Asynchronous and simultaneous writes and threshold OO 
reads e Functional and pin compatible with industry o 

e Low power consumption — 60 mA maximum standard devices 

e Status flags - full, half-full, empty 


GENERAL DESCRIPTION 


The 67C4500 is a RAM-based CMOS FIFO that is 256 Deep FIFOs such as the 67C4500 are useful in a wide 

words deep with 9-bit wide words. Itis expandable to any —_ range of applications. The ability to buffer large transfers 

width and/or depth to create much larger FIFOs. of data and the rate adaption capabilities make the 
67C4500 useful in communication, image processing, 

This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems. 

nously and simultaneously at data rates from 0 to 22 MHz. 

Status flags are provided to signify empty, full, and half-full 

conditions. The capability also exists to retransmit data 

from the FIFO. 


q OJDTICZW PIDUPAPY 


BLOCK DIAGRAM 


DO-D8 


o 


SIIIAD 


DATA 
y | INPUTS 
WRITE READ 
POINTER 
DATA 


POINTER 
a 


OUTPUTS 


Figure 1. 


Publication # Rev. Amendment 
10804A B /0 
Issue Date: July 1988 
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6704500 _- 


= Note: Pin 1 is marked for orientation. 
Pin Designations: W = Write 


R = Read 

RS = Reset 

FL/RT = First Load/Retransmit 
D, = Data In 

Q. = Data Out 

| = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Veco = Supply Voltage 

GND = Ground » 


x< 


ORDERING INFORMATION 


Standard Products | :  67C 4500-35N 


AMD/MMI standard products are available in several packages. | 
The order number (Valid Combination) is formed by a combina- COPE Conner 


tion of: | 67 = Commercial (0°C to 70°C) 
a. Device Number 


b. Speed Option : _ CMOS TECHNOLOGY 
c. Operating Conditions | 
d. Package Type | a. PART NUMBER 


b. PERFORMANCE 
35 ns = 35 ns t, 
90 ns = 50 ns t, 
65 ns = 65 ns t, 
80 ns = 80 nst, 


d. PACKAGE TYPE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


Supply VONAGE, V ce. ce nsssenecdenstosrcncttiaveeeevsecaate -0.5Vto+7.0V 
INPUt VONAGE: ess: candaccscasensanvecstanesedeyerdedsenss -0.5 V to V,, + 0.5 V 
Operating temperature .............csccccccsssecseeesssreeees 0°C to + 70°C 
Storage temperature ..............:ccsscccssseeeessseeeees -55°C to + 150°C 
Power GiSSiIPatiOn .............:cccccsssccsesssececsssrcesseesessseseeeesesees 1.00W 
DG OULDUE CUIMOMT iecesecescancdsccvveaieatisrdtinetedeueweeadenenpussavedeess 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS commercial: V,, = 5 V + 10%, T, = 0°C to + 70°C 


A 


67C4500-35 | 67C4500-50 67C4500-65 67C4500-80 
Parameter 


Input Leakage Current (any input) (Note 1) 


Symbol 
A ! 
ese oro Bw) 
Input High Voltage Xl 


(Note 3) 


Input Low Voltage, XI (Note 3) 
Output Logic “1” Voltage |,,,= -2 mA 

Output Logic “0” voltage |,, = 8 a 
Average V,,, Power Supply Current (Note 4) 


Average Standby Current 
(R = W =RS = FL/AT = V,,) (Note 4) 


= 


3 


2 
“ 
a ee 


Power Down Current (all inputs = V,,, -0.2 V) 
ae (Note 4) 


Notes: 1. Measurements with GND < V,, < V,,. 


2. R2V,,, GND < Vu, S Voc: = 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS VCC = 5 V + 10%, TA = 0°C to + 70°C : t : 


67C4500-65 | 67C4500-80| | 
Min. Max. | Min. Max. | Unit | 


Paramete Parameter 67C4500-35 67C4500-50 
Symbol Description Min. Max. Min. Max. 


Write and Flag Timing | 


8 
eC rere ee ee 
eSLOW SURO ee 


~- [oe ad - lm 
ol 
: anh 
N °o 
oO 
3 


ce 


Ww 


ame | Write LOW to Half-Full Flag LOW be 
Write HIGH to Empty Flag HIGH | 48 | 30 | 


EF 


Write pulse HIGH to data bus 
wz |atLOWZ(Note1) 


Read and Flag Timing 


- Read Cycle Time 45 


a Read Recovery Time oe 

oo Read Pulse Width : heen 
Read pulse LOW to data bus 3 

nue at LOW Z (Note 1) | | 


3 Data Valid from read pulse HIGH 


Read pulse HIGH to data bus } 
iM at HIGH Z (Note 1) 
wr _[ReadHIGHtoFullFlagHIGH | 69 — 
Read HIGH to Half Full-Flag HIGH | 5 | 
nz ___| Read LOW to Empty Flag LOW _ | 48 | 30 | 
Reset Timing 
Reset Cycle Time 
Reset Pulse Width | 
Reset Setup Time 


Reset Recovery Time 


Reset to Empty Flag LOW 
Reset to Half-Full Flag High 


Reset to Full Flag HIGH 
Retransmit Timing 


= Retransmit Cycle Time ie, 
Retransmit Pulse Width | 7 | 85 | 50 
Retransmit Recovery Time 15 


Note: 1. Characterized parameters. 
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FUNCTIONAL DESCRIPTION 

The 67C4500 CMOS FIFO is designed around a 256x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 

The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 255. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4500. The write, read, data-in and 
data-out lines of the 67C4500 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (x1) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 


(See Figure 2.) The states of Xl and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,,, prior to and t,,, after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


wa /// ae 


tEFL 


& AAA 


tHFH 


2 LN LLLLLLLLLLLLLL 


tFFH 


Figure 2. Reset Timing 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indiéeies that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,, 
prior to and t,,, after the rising edge of W will be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t 


WEF 


- after the rising edge of W during the first. write cycle on an empty 


FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOW t,,, after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 128 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW t, _, after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 256 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situ- 
ations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,, after the rising 
edge of R. QO-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,-- after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,, after the rising edge of R 
during the read operation, which eliminates the half-full condition. 

(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 127 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,,, after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 128 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 128 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, ty. Or t.,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 


circuits will alleviate this hazard. 
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RESET AND eel bilalieladall TRUTH TABLE Single-Device Conaumton iat: Expansion Mode 


as [Ru =e seme | seme ee be 


sooo = 
Read/Write Pa fo fo]. Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycie. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


Internal Status 


XO 
Reset all XO 


Xo 
Read/Write Tesh (Note 1) Increment (Note 3) Increment (Note 3) —a 


Notes: 1. Xl is connected to XO of previous device. See Fue 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


oo tps ——>- |< pH > 
Do-Dg ~ DATAIN VALID DATA IN VALID 
«————-tppw <—<_—_——. tap —_—_—_—_» 
RO 


—— ta—— ued 


Q9-Qg = DATA OUT VALID >» ~< ) DATA OUT VALID ~—! 


tac————____—_-———___—_——— 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE EES NEXT READ 


C 
7 
C 


Figure 4. Empty Flag Timing 


(See Note) 


Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


LAST WRITE NEXT READ ADDITIONAL 


NEXT WRITE 


Figure 6. Full Flag Timing 
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Retransmit _ . 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 256 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tar after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
tarc after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 
Single-Device and Width-Expansion Modes are configured by 


grounding the Expansion-In (Xl) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The 67C4500 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 
These two hazards can be avoided if one device’s flags are used 


tRT 
FL/RT 


as the flags for the expanded FIFO, and the write control circuitry 


and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (tyes tyes twers trees taypr ANC t--) 
for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (Xl) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 255, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 

When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the 67C4500 can be 
created by using both Width-Expansion Mode and Depth-Expan- 
sion Mode simultaneously. (See Figure 13.) 


~<«-tRTR 


Note: EF, HF and FF may change state during Retransmit as a result of the 


offset of the read and write pointers, but the flags will be valid at t 


RTC° 


Figure 7. Retransmit Timing 
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DATAIN X 


w 
—<——— tRPE 
R 
twer—>|<— 'RFT 
EF 


twiz | —— ta 


ATT 
as QAI) 


Note: (taoe = thew: taer = tree) 


Figure 8. Read Data Flow Through Mode 


a! 


DATAIN VALID 


ta << 'ps- 
nee 0K =a MD 


Note: (tye = twews twer = twee) 


Figure 9. Write Data Flow Through Mode 
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DATA IN 


HALF-FULL FLAG 


| WRITE 
WRITE READ READ 
DATA IN DATA OUT FULL FLAG EMPTY FLAG 
FULL FLAG EMPTY FLAG RESET 
TS RETRANSMIT 
reser ——(8S), RETRANSMIT 


Figure 12. Depth-Expansion to Form a 768x9 FIFO 


Qo -Qg Qo -417 Qo -Gn 
Q(N-8)-ON 


S008 Qg -Q47 
DEPTH DEPTH DEPTH 
EXPANSION | >] EXPANSION F- «+ 


EXPANSION 


BLOCK ~ BLOCK BLOCK 
Do-Dg | Dg P17 Dn-8)-ON 


Figure 14. Bidirectional FIFO Mode 


Figure 13. FIFO Array Using Both Width-Expansion and 
Depth-Expansion Techniques 
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AC TEST CONDITIONS 


GND to 3.0 V 


CAPACITANCE (T, = + 25°C, f = 1.0 MHz) 


Parameter (Note 1) | Conditions 
Output capacitance | V,,,=0V 


Note: 1. For reference only. 


ye. | Unit 
s | oF 


5V 


620 22 


TO OUTPUT 
PIN 


39002 30 pF 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
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Deep First-In First-Out (FIFO) 
512x9 CMOS Memory 
67€4501-35/50/65/80 


Features 

e Ram-based FIFO 

@ 512x9 organization 

e Cycle times of 45/65/80/100 nanoseconds 


' @ Asynchronous and simultaneous writes and reads 


e Low power consumption — 60 mA max 

e Status flags - Full, Half-Full, Empty 

¢ Retransmit capability 

Expandable in both width and depth 

e Increased noise immunity for XI - CMOS threshold 
Functional and pin-compatiblie with industry standard devices 


General Description 


The 67C4501 is a RAM-based CMOS FIFO that is 512 words 
deep with 9-bit wide words. It is expandable to any width and/or 
depth to create much larger FIFOs. 


This FiFO can accept data and output data asynchronously and 
simultaneously at data rates from 0 to 22 MHz. Status flags are 
provided to signify empty, full, and half-full conditions. The 
capability also exists to retransmit data from the FIFO. 


_ Deep FIFOs such as the 67C4501 are useful in a wide range of 


applications. The ability to buffer large transfers of data and the 
rate adaption capabilities make the 67C4501 useful in commun- 
ication, image processing, mass storage, DSP, and printing 
systems. 


[rwnane [BeSiGnATION 
i 
aT 
ox 
—_ 


: 
C3 [eosin outrat rar 


PART 7 
| NuMBER: DESCRIPTION } PACK TEMP 


Ordering Information 


67C4501-80_ | 512-word by 9-bit FIFO 


Pin Configurations 
DIP 


6704501 


PLCC 


67C4501 25 |S 
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Publication # Rev. Amendment 
10175 B /0 
Issue Date: July 1988 


Deep First-in First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


Absolute Maximum Ratings* 


SUPDIY VOIAGE, VCC sscuter shar tetera shee ine etesaede ss 
INPUl VOINAGC 4.00 +csherince treeless yews e Ma bbe etse se peree as 
Operating temperature ........... cece ccc cee eee eee eens 
Storage temperature .......... ccc cece cece cece cree eee ee eens 
POWEl GISSIDANON <n tits ois salve aad eee ct oa eee ee ewe ae es 
D:G-OUtPUL CUITONTE 05.04. 2s oda sawed vee ed eke baled eees 


* 

Note: 
Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions above those 


Sg tdpia ae Gate ee eee a de cceceeeceeccecee+ «70.5 V to +7.0 V 
pita eran ete bined eo aia oe and ded -0.5 V to Voc +0.5 V 
syaleuh chalet ape pee onaup tate b aaik waco. eee SoMa ren Jeosaneee O° Ct1O+/0°C 


dahie dak re arid ses yin aka tr dum ashe ati ace atten Aeatee anvedieem eare ora eaten 1.0W 
GIA S eel EERE OM ERTER Y Calateebane ion teed 50 mA 


indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time 
may affect reliability. 


DC Electrical Characteristics Commercial: Vcc = 5 V +10%, Ta = 0°C to + 70°C 
67C4501-35 |67C4501-50 |67C4501-65 |67C4501-80 
Ta =35ns | Ta =50ns | Ta = 65 ns | Ta = 80 ns | UNITS 


SYMBOL PARAMETER 
MIN MAX | MIN MAX | MIN MAX | MIN MAX 


[frontiers ats a 

/Vin® | Input high voltage (all inputs except XI) RRS | eee (RNS 
i [rotor iro) = af 08 [== 
fod [meanness = fas = as as Tv 
Ca Ne 
ca Output as “1” voltage IOH = -2 mA 
cot [anc powranivamed [= m= @|- |= | ma 
cod | nerage sandy caren R= W=RE=FLRT= Vy [= 20 [= [= [= =| ma 
‘ices’ | Power down curent angus =Voo 02) __|-s|-s[-s |= s | ma 


Notes: 

1. Measurements with GND < Vin = Voc. 

2. R2 Vin, GND < Vout ¥ Voc. 

3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

4. Icc measurements are made with outputs open. 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80_ 


AC Electrical Characteristics Voc = 5 V +10%, Ta = 0°C to + 70°C 


67C4501-35 |67C4501-50 |67C4501-65 |67C4501 -60 
SYMBOL DESCRIPTION | iounes | MIN MAX | MIN MAX | MIN MAX | MIN MAX UNITS 


Write and Flag Timing 


Pee 
two _[Writecyciotime | ff 00s 
twew | Wrtepusewith | 5st ns 
twa [Write recoverytime = | ft tts 
tos | Datasetuptime | ffs 
tp | Dataholdtime =| fo ttn 
twrr | WriteLowtofuiflaglow | 9 | go | as | || ons 
WHF | WriteLOWtohat-fulfiagtow | S| a5 | 5 | 8 | 100 | ns 
[wer |WiteHiGHioenptyfagHiGH | 46 | | | | | ne 
Tz? [Wee pulse iGHiodstabwsatiowz] e [|e | [a | 
Read and Flag Timing 

[tac [Readcycletime | SOS CCT Cdr 
ix tometer | se aa 
fr [Readecoveny ne 


a 
[inuz' | Reed puseOWtedatabueattowz| 9 [8 

[eaten [sss ss 
Tanz’ [Reed pace GH todetabwatnignz| 9 | ao || ao] | rw 
[of ||| re (| 
Ps] | wt | ve | 
fer _[FedLowivemytagiow | ae | | #) | @| m 
Reset eee a 
fiasc_[Resstaycletme ——SSCS~C~dC<‘i Ce Ce 
a mn [fe fo | 
fins [Resetsctuptmme SiS «ds OCs iC 
ak ae a 
ter, [Resettoompyfagtow (| 2 | | | «|  10| ne 
[and [Fost ett tag igh [eas | os [0 fo 
ter [Resetioturteghih «| 2 | | | | 10 | ne 
Cr 


Retransmit Timing 


ae i es o [o [_ 


Retransmit pulse width 


Retransmit recovery time a 


Note: 
1. Characterized parameters. 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


Block Diagram 


=| 


WRITE 
CONTROL 


READ 
CONTROL 


Functional Description 


The 67C4501 CMOS FIFO is designed around a 512x9 dual- 
port static RAM array. (See Figure 1.) RAM-based FIFOs store 
the data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from 
occurring. The Empty Flag prevents reading while empty, a data 
underflow condition. While the Full Flag prevents writing while 
full, a data overflow condition. Once data that has been stored at 
a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 511. Thus the flag status of the FIFO is a func- 
tion of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both mee pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4501. The write, read, data-in and 
data-out lines of the 67C4501 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the indi- 
vidual FIFOs are automatically enabled and disabled through 
the handshake between XO and XI. 


Operational Description 


Resetting the FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO's mode of operation, as shown in 


DO-D8 


ae | s 


WRITE 
POINTER POINTER 


Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH tRSS prior to, and tRSR 
after, the rising edge of Reset (RS). The reset cycle initializes 
the FIFO to an empty condition, signified by the Empty Flag (EF) 


being LOW (active), and both the Half-Full (HF) and Full Flag 


(FF) being HIGH (inactive). 


——_______—_—— tasc ————_____—__—_» 


tEFL 


NII 


<$$$_____—_. HF —_________» 


al 


[$$ trey ——_______» 


Sn aT 


Figure 2. Reset Timing 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


Reset and Retransmit Truth Table — 
Single-Device Configuration / Width-Expansion Mode 


INPUT INTERNAL STATUS OUTPUTS 


[wer] SSCA STATUS 

Cas [runt] 7 | eaprowen | waireromren | ef | 7 | WF 
[feet —+| 0 | x | 0 | tocatonsero | tmcatonseo | 0 | 1 [4 
[—revarent [1 | 0 | 0 | ocatonser | _Unchenges |x | x] 
[—pearwcto [4 [1 [0 | tneremen®@ | rerement®@ |x | x [x 


1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


Reset and First Load Truth Table — Depth-Expansion/ Compound-Expansion Mode 


INPUT INTERNAL STATUS OUTPUTS 


1. Xl is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


Writing Data to the FIFO. LOW tWHF after the falling edge of W during the write operation 
= which creates the half-full condition. (See Figure 5.) HF will 
The HIGH state of the Full Flag (FF) indicates that the FIFO is remain LOW, while the number of writes to the FIFO exceed the 
capable of accepting data. The falling edge of Write (W) initiates _ number of reads by 256 or more. The Half-Full Flag is not availa- 
a write cycle. (See Figure 3.) Data appearing at inputs DO-D8 ble in Depth-Expansion Mode. The Full Flag (FF) goes LOW 
tDS prior to, and tOH after, the rising edge of W will be stored WEF after the falling edge of W during the write cycle which 
sequentially in the FIFO. creates a full condition. (See Figure 6.) A full condition exists 
The LOW-to-HIGH transition. of the Empty Flag. (EF) occurs when there have been 512 more write cycles than read cycles. 
tWEF after the rising edge of Ww during the first write cycle on an The Full Flag being active prohibits any further write ores 
empty FIFO. (See Figure 4.) The Half-Full Flag (HF) will go thus preventing data overflow situations. . 


<——— trHz a 
0-08 — 


DATA OUT VALID = 


Figure 3. Asynchronous Write and Read Timing 
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Deep First-in First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


Reading Data from the FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a 
read cycle. (See Figure 3.) Valid data appears on the outputs 
Q0-Q8 tA after the falling edge of R, and remains until tDV after 
the rising edge of R. Q0-Q8 return to a high impedance state 
when R is inactive, when the FIFO is empty, or when the FIFO is 
in Depth Expansion Mode but is not active. 


The Full Flag (FF) will go HIGH tRFF after the rising edge of R 
during the first read cycle following a full condition. (See Figure 
6.) The Half-Full Flag (HF) will go HIGH tRHF after the rising 
edge of R during the read operation, which eliminates the half- 
full condition. (See Figure 5.) HF will remain HIGH, while the 
number of writes to the FIFO exceed the number of reads by 255 
or less. The Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs tREF after the 
falling edge of R during the read cycle, which creates an empty 
condition. An empty condition exists when there have been an 
equal number of write cycles and read cycles. The Empty Flag 
being active prohibits any further read operations, thus prevent- 
ing a data underflow situation. 


LAST READ 


=| 


DATA OUT 


HE See Note 


NEXT WRITE 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number 
of words read out by 256 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if 
the FIFO contains 256 words, and Read and Write pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, tWHF or tRHF. This property of the Half-Full Flag is 
clearly a function of the dynamic relation between W and R. 
Generally, the use of level-sensitive, rather than edge-sensitive, 
status detection circuits will alleviate this hazard. 


ADDITIONAL 


WRITES NEXT READ 


256 th 257 th 


Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short duration of either polarity 
when W and R are operating asynchronously near haif-full. : 


Figure 5. Half-Full Flag Timing 


eS aS aia Sisco SanasseSsiassSasaSSnSnaSsaanterSaatSteen yeaa aera SRSTSSSneASeTeSn Senne AsSSnS/erSny 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


Retransmit 


The FL/RT is used as the Retransmit (RT) input in Single Device 
Mode. The retransmit capability is intended for use when there 
are 512 or less writes between reset cycles. RT, an active LOW 
going pulse of at least tRT in duration, initializes the internal read 
pointer to address zero and leaves the write pointer unaffected. 

W and R must both be HIGH during the retransmit cycle. The 
first write or or read cycle should not start until tRTR after the rising 
edge of RT. The flags may change state during this cycle, but 
they will accurately reflect the new state of the FIFO tRTC after 
the falling ecge of RT. (See igure 7 and Table 1.) 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-in (XI) input. (See Figures 10 & 11 
and Table 1.) During these modes of operation, the Half-Full 
Flag and Retransmit features are available. The 67C4501 can 
be expanded in width to create FIFOs of word widths greater 
than 9 bits . In Width-Expansion Mode all of the control line 
inputs are common to all devices. (See Figure 11.) Creating 
composite status flags can pose two hazards. 1) OR-ing the flag 
outputs is fine for the HIGH-to-LOW transition, because the 
skew between devices is masked out. However, when the flags 
make a LOW-to-HIGH transition, a false composite flag is gener- 
ated due to the skew between devices. 2) The converse is true 
when the flags are AND-ed: the LOW-to-HIGH transition is fine, 
and the HIGH-to-LOW generates a false flag. These two haz- 
ards can be avoided if one devices' flags are used as the flags 
for the expanded FIFO, and the write and read control circuitry is 


LAST WRITE 


=| 


NEXT READ 


designed to hold off sampling the flags until the worst case set- 


tling time ((WEF, tWHF, tWFF, tREF, tRHF, and tWFF) for each 
flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. 
The device that is to receive data first has its First Load (FL) 
input tied LOW, while all other devices must have this input 
HIGH. Write and read control is passed between devices using 


XO and XI. A LOW- -going pulse on XO occurs when the last 


physical location, address 511, of an active device is written to, 


_and another LOW-going pulse occurs when the last physical 


location of an active device is read. Only one device is enabled 
for writes, and only one device is enabled for reads at any given 
time. 


When expanding in depth, a composite Full Flag must be 
created by OR-ing all the FF outputs together. Likewise, a com- 
posite Empty Flag is created by OR-ing all the EF outputs 
together. The Half-Full Flag and Retransmit functions are not 
available in Depth-Expansion Mode. 


: Compound Expansion 


FIFOs of greater width and. depth than the 67C4501 can be 
created by using both Width-Expansion Mode and Depth- 
Expansion Mode simultaneously. (See Figure 13.) 


ADDITIONAL 
BEADS NEXT WRITE 


Figure 6. Full Flag Timing 


Note: EF, HF and FF may change state during Retransmit as a result of the offset of the read and write pointers, but the flags will be valid at tRTC. 


Figure 7. Retransmit Timing 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


DATA IN x 


w 


<—_— 'ppeE——_> 


<—t wer |< tRET» 
EF 


t WLzZ—> — ta 
(AMMAN DATA OUT 
Barnes WWW) 


Note: (tRPE = tRPW: tRFT = tREF) : 
Figure 8. Read Data Flow Through Mode 


FA 


Note : (twPF = ‘WPw: 'WFT = 'WFF) 
Figure 9. Write Data Flow Through Mode 


a 


a 


=| 


DATA IN 


DATA OUT 
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Deep First-in First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 


DATA IN 


HALF-FULL FLAG 


WRITE 
READ READ 


EMPTY FLAG 


WRITE 
PRE SUr FULL FLAG <— 
EMPTY FLAG RESET 
RETRANSMIT 


DATA IN 
FULL FLAG 
RETRANSMIT 


RESET 


‘Figure 10. Single FIFO Configuration 


Qo -Qg 
Qo -Qg Qg -Q17 | 
DEPTH DEPTH 
EXPANSION EXPANSION }- «++ 
BLOCK BLOCK 
Do-Dg Dg-D17 Dww-2)-DN 


Do -Dy ° 
Do-Dy = Dyg-DN Dns ON 


Q(N-8)-QN _ 


DEPTH 
EXPANSION 
BLOCK 


Figure 13. FIFO Array Using Both Width-Expansion 
and Depth-Expansion Techniques 


Figure 14. Bidirectional FIFO Mode 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-50/65/80 


AC Test Conditions | BV 


Input pulse levels GND to 3.0 V 


620 {) 


TO OUTPUT 


390 () 30 pF 
Output load See Figure 15 | : 


“Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 


Capacitance (Ta, = +25°C, f = 1.0 MHz) 


Note: 
1. For reference only. 
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- 67C4502- 35/50/65/80 - 


Deep First-in First-out (FIFO) 
1024x9 CMOS Memory | 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 

1024x9 organization 

Cycle times of 45/65/80/100 nanoseconds 
Asynchronous and simultaneous writes and 
reads 

Low power consumption — 60 mA maximum 
Status flags - full, half-full, empty 


e Retransmit capability 

e Expandable in both width and depth 

e increased noise immunity for X! - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 6704502 is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 22 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


Deep FIFOs such as the 67C4502 are useful in a wide 
range of applications. The ability to buffer large transfers 
of data and the rate adaption capabilities make the 
67C4502 useful in communication, image f /ocessing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM 


WRITE READ 
POINTER POINTER 
DATA 
OUTPUTS | eae 


DO-D& 


Figure 1. 
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CONNECTION DIAGRAMS 


DIP PLCC 


67C4502 
6704502 


Note: Pin 1 is marked for orientation. 


Pin Designations: W = Write 
. R = Read 
RS = Reset 
FL/RT = First Load/Retransmit 
D, = Data In 
Q, = Data Out 
XI_= Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


ORDERING INFORMATION 


Standard Products 67 C4502 - 50 N 


AMD/MMI standard products are available in several packages. | 
The order number (Valid Combination) is formed by acombina- | ¢- OPERATING CONDITIONS 


67 = Commercial (0°C to 70°C) 


tion of: 

a. Device Number 

b. Speed Option CMOS TECHNOLOGY 
c. Operating Conditions 

d. Package Type | a. PART NUMBER 


b. PERFORMANCE 
35 = 35nst, 
50 =50nst, 
65 =65nst, 
80 = 80nst, 


d. PACKAGE TYPE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


SUPDPIY VOltAGE, Veg weceissisecstscscsacicronsszasdearniasooies -0.5 Vto +7.0 V 
Input Voltage .............eceee Sastnesnesedateceatatecsut -0.5 V to V,, +0.5 V 
Operating temperature .............cccccccccssscesssesesneees 0°C to +70°C 
Storage temperature .............ceessecessssreeeesreeens -55°C to +150°C 
Power dissipation ...............0000+ ee eee eer seer: 1.0W 
DC OUIDUL CUITGI cena cies enced cas seven cnccereeanndice suessicnabevnncetvcnanss 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may. cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: re = 5 V +10%, T, = 0°C to +70°C 


. ; 67C4502-35 e7c4502-50 67C4502-65 67C4502-80 
Parameter T,=65ns | T,=80ns 


. Description Min. Min. Max. | Min. Max. 


_ ftieconinennnes [6 [ew | SEE 
Input High Voltage (all inputs except XI) (Note 3) ote le ee 

i. nerinmionnertinns| ee = | = we [sol 
in fw eewe) “_ fae - fp =f = tate 
s | - sly 


Input Low Voltage, XI (Note 3) 


Output Logic “1” Voltage |,,,=-2 mA 


Output Logic “O” voltage |,, = 8 mA 


Average Standby Current 
(R = W = RS = FLAT = V,,) (Note 4) 


Power Down Current (all inputs = V_,,. -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND <V,,, < Voc 
2. Re Viw GND <VoU7S Ve | 
3. These are absolute voltage levels with respect to the ground pins on the device and include all aveehods ‘due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 
4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS vcc = 5 v +10%, T, = 0°C to +70°C 


Parameter Parameter 67C4502-35 | 67C4502-50 67C4502-65 | 67C4502-80 
Symbol Description Figures; Min. Max. Min. Max. Min. Max. Min. Max. 


Write and Flag Timing 


Write Cycle Time 
Write Pulse Width 


C 


Write Recovery Time — 


aS 
(=) 


Data Setup Time | 


== 
se 
zz 
Ee 
Data Hold Time Eger | 
| 6.9 


a Write LOW to Full Flag LOW 
Z Write LOW to Half-Full Flag LOW 
. Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


a | 


45 


_ _ 
oO. © 
— 
oO 

— 

oO 

Oo 


i 


Read and Flag Timing 


10 
Read Cycle Time trae 45 
3,4,8,9 


—_k 


0 


oO 


1 


© 
— 
or 
— 
or 


eo 
So 
_ = 
(>) © 
oO © 


2 Read Recovery Time 3 
Read Pulse Width 3 
_| Read pulse LOW to data bus | 
at LOW Z (Note 1) 
Data Valid from read pulse HIGH 
Read pulse HIGH to data bus 
z at HIGH Z (Note 1) 
7 Read HIGH to Full Flag HIGH 


2 Read HIGH to Half Full-Flag HIGH 
er Read LOW to Empty Flag LOW 


= 
oO 


fo) 


PW 
LZ 
H 


h 
h 


ii 


hh 
h 


Reset Timing 


"9 
. 
7 


Retransmit Timing : 


1 


oO 


2 
—_ 


id 


Retransmit Cycle Time 
Retransmit Pulse Width 
Retransmit Recovery Time | 


lo) 


T 


bag 


Note: 1. Characterized parameters. 
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FUNCTIONAL DESCRIPTION 


The 67C4502 CMOS FIFO is designed around a 1024x9dual-port - 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 


data written into them ina sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 


curring. The Empty Flag prevents reading while empty, which is 


a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 


‘been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 1023. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO dire initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 

Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4502. The write, read, data-in and 
data-out lines of the 67C4502 are connected in parallel, and the 


Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 


ual FIFOs are automatically enabled and disabled mene the © 


handshake between XO and Xl. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO : 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 


cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read (R) _ 


and Write (W) signals must be HIGH t,,,, prior to and t.,, after the 
rising edge of Reset (RS). The reset cycle initializes the FIFO to 
an empty condition, signified by the Empty Flag (EF) being LOW, 
active, and both the Half-Full (HF) and Full Flag (FF) being HIGH, 
inactive. 


7) 


tEFL 


CINK 


tHFH 


=m TTT 


tFFH 


Figure 2. Reset Timing 
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LOW transition of EF occurs t 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO i is 
capable of accepting data.-The falling edge of Write (W) initiates 


_ awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,, 


prior to and t,,, after the rising edge of WwW will be stored sequential 


‘in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag &) occurs ther 


after the rising edge of W during the first write cycle on.an empty 
FIFO, (See Figure 4.) The Half-Full Flag (HF) will go LOW t,,,.- 


after the falling edge of W during the write operation which creates 
the half-full condition. (See Figure 5.) HF will remain LOW, while 
the number of writes to the FIFO exceeds the number of reads by 


_ 512 or more. The Half-Full Flag is not available in Depth-Expan- 


sion Mode. The Full Flag (FF) goes LOW fice after the falling edge 
of W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 1024 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write Spetenone thus preventing data overflow situ- 
ations. | 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the F IFO i is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t ater the rising edge of R during 


REF 


the first read cycle following a full condition. (See Figure 6.) The 


Half-Full Flag (HF) will go HIGH t,,,. after the rising edge of R 
during the read operation, which eliminates the half-full condition. 


(See Figure 5). HF will remain HIGH, while the number of writes 


to the FIFO exceeds the number of reads by 511 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
| Irs t,,, after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, ue Prevenungss a seele 


_ underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 512 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 512 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,- OF t,,,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between Wand R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. | 


RESET AND RETRANSMIT TRUTH TABLE Single-Device Contiguration/Width-Expansion Mode 


Internal Status 


| RS | FURT FL/RT xd | Read Pointer Write Pointer | EF | FF 

ee pee eT 

hee ee al ya, toe 
Read/Write Pa fia fo. Increment (Note 2) Increment (Note 2) cIETES 


Notes: 1. Flags will change to show correct state according to write Scintek. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


Internal Status 


XO 
Reset all Xo 
cee. [I Note 1) ee tea et 


Mode 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


Do-Dg DATA IN VALID 


«——————-tppw <«_—___—_—. trR ——__» 


DATA IN VALID 


<—— ty,——_> —<— troz———- 


Q9-Qg - DATA OUT VALID =: - DATA OUT VALID XS 


tRa¢e—————$_________—_____» 


Figure 3. Asynchronous Write and Read Timing 
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XO 
Read/Write +1 pu] 2 Increment (Note 3) Increment (Note 3) pox [ok 2 


LAST READ NEXT WRITE sr NEXT READ 


HF (See Note) 


Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


r ADDITIONAL 
LAST WRITE NEXT READ READS | NEXT WRITE 


<I 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 1024 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tar, after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
tare after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 


grounding the Expansion-In (X1) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 


and Retransmit features are available. The 67C4502 can be ex- 


panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 
These two hazards can be avoided if one device’s flags are used 


tRT 
FURT 


as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (ty...) tyucs twee trees tap» and t,,--) 
for each flag has elapsed. 


Depth-Expansion Mode 


WHF? "WEF? 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 1023, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


When expanding in | depth, a composite Full Flag must be created 


by OR-ing all the FF outputs together. Likewise, a composite 


Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the 67C4502 can be 
created by using both Width-Expansion Mode and Depth-Expan- 
sion Mode simultaneously. (See Figure 13.) 


~<-tRTR 


tat¢c ———_—__—_—>- 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,,.. 


Figure 7. Retransmit Timing 
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DATA IN 


w 
~<—— tRPE 
R 
twer—>/<— ‘RFT 
= 


VW 


para our TN 


sik 


Note: (taoe = thew: tart = tree) 


Figure 8. Read Data Flow Through Mode 


=| 


r- ‘oH 
DATA IN 
DATA IN VALID > 


ta 7 «——tps-——>> 
WA | 
es ) Mi K ona” X WY 


Note: (twee = twews bwer = ber) 


Figure 9. Write Data Flow Through Mode 
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HALF-FULL FLAG DATA IN 


WRITE READ WRITE 


DATA OUT 


READ 


DATA IN EMPTY FLAG 


FULL FLAG 


FULL FLAG EMPTY FLAG RESET 


RETRANSMIT 


RESET RETRANSMIT 


Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 1024x18 FIFO 


Figure 12. Depth-Expansion to Form a 3072x9 FIFO 


Qo -Qg Qo -Q17 Qo -Qn 


Qo -Qg Qg -Q47 Q(N-8)-QN 
DEPTH DEPTH DEPTH 
EXPANSION EXPANSION EXPANSION 
BLOCK BLOCK BLOCK 
Do-Dg Dg Piz D(Nn-8)-ON 


DoDy = Dg-DN = D-gyDN 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 
Depth-Expansion Techniques 
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AC TEST CONDITIONS — 


Input pulse levels > GND to 3.0 V 


Input rise and fall times - 


Input timing reference levels | | TO OUTPUT 

—_}—— PIN 
Output reference levels | ox . 
Outputload | — See Figure 15 


_* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
CAPACITANCE (1, = + 25°C, f = 1.0 MHz) 


| Srmbot | Parameter ict 1) | Concstions [Typ] Unt 
mouse | WrOv |e 
oe eer Le 


Note: 1. For reference only. 
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Serializing First-In-First-Out 


67417 


(FIFO) 64x8/9 Memory 


Features/ Benefits 

e High-speed 28-MHz serial shift-in/shift-out rate 
e 10-MHz parallel shift-in/shift-out rate 

e Three-state outputs with Hi-current drive 

e Cascadable at parallel port only 

e Half-full flag (32 or more) 


e Selectable 64x8 or 64x9 FIFO configuration thus providing 
“frame mark bit” 


Typical Applications 
e LAN equipment 

e Data communication 

e Office automation 

e Microcomputers 

e Minicomputers 

e Disk/tape controllers 


Description 


The 67417 is a serializing/deserializing FIFO. This FIFO, the first 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories’ FIFOs it is cascada- 
ble, but only at the parallel port. 


Pin Configuration 


(lear [ome 


Ordering Information 


PART 
NUMBER PACKAGE | TEMPERATURE | DESCRIPTION 


In addition, the device has the ability to connect directly toa 
system bus. These features make it a complete “sub-system ona 
chip.” 
The FIFO basically has three modes of operation; 

1. Serial in to parallel out 

2. Parallel in to serial out 


3. Serial in to serial out (requires non-standard logic level 
on PDIR). 


In the first mode, serial data can be accepted at up to 28 MHz and 
the FIFO outputs parallel data at up to 10 MHz. Similarly, in the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 


Pin Names 


rps | Parallel Shift in/out | 
[PR | Parallel input/Output Ready _| 
[POE | Parallel Output Enable 
ie 


So5 | Seri Ouput Guta 
SOs | Serial Output Shitt 
SOR | Serial Output Ready 
"PDI | Parallel Port Direction 
a 


CHE [Half Full Flag 
voc 
GND 


67417 


Block Diagram 


SERIAL INPUT SHIFT (SIS) ——- 
SERIAL INPUT READY (SIR) < 
‘SERIAL INPUT DATA (SID) —————_> 


SERIAL INPUT. 
CONTROL LOGIC | 


-<————— PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 
PARALLEL DATA PORT 


HALF FULL FLAG (HF) 
(PO-P8) ~<«—————— PARALLEL DIRECTION (PDIR) 
: MASTER RESET (MR) . 
PARALLEL WORD LENGTH.(WL) 
OUTPUT ENABLE 
(POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) 
SERIAL OUTPUT READY (SOR) 


SERIAL OUTPUT © 
CONTROL LOGIC. 
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Absolute Maximum Ratings 


STU ©) 2) SVR] 19-2 @y @ A -O.5Vto7V 
Input VONAGE: gicc5-0 oe eaales Seis Wes sees Sed es bu nals DOVES Reda Saelwe Oh a Wed Ma Eats SANGER RTE SS Eee a -15Vto7V 
Off-state OULDUT VONAGE ns catia 44s depte Le SES GS eA PISS OVENS OHS Te ATR HG CM ONES Peete OC OER Heese 8 -0.5 V to 5.5 V 
Storage temperature cc.e< ac5.50c BAW Ee lesle Oe o Mle es EEN OR CREE ENE RR eae wets eee ee Waa EE RES -65° to +150°C 


Operating Conditions 


COMMERCIAL ire 
SYMBOL PARAMETER MIN TYP MAX 


7 


Serial Input Data Setup time 

Serial Input Data Hold time 

Recovery Time Serial Input Ready ft to 1 
Serial Input Shift t 


SERIAL OUTPUT PARAMETERS 
Max. Serial Shift-Out Rate 


—_— | 
& {| PM 


N 
.e) 


: oO 
— ie) “NI 
oO © oi 


Serial Shift-Out HIGH time 
Serial Shift-Out LOW time 


—t | os 
ao; o 


‘Recovery time Serial Output Ready ft 
to Serial Output Shift f 
WORD LENGTH PARAMETERS 


18 


wo 


Setup SIS, SOS 
Hold SIS, SOS 
PARALLEL PORT PARAMETERS 


Parallel shift-in/shift-out rate 


ie) 
Oo 


oy} @ 
oO; on 


1 
3 
3 
3 
1,3 
1,3 
5/8 
5/8 
) 
14 
14 


Qi 
io) 


30 


Parallel Ready t to Parallel Shift Low 10/11 
MASTER RESET PARAMETER 
Master Reset LOW time | 


12/13 40 


- a +L '@) 
N N N 
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Switching Characteristics over Operating Conditions 


| COMMERCIAL — 
SYMBOL PARAMETER . MIN TYP MAX UNIT 
a Serial Input Shift to Serial InputReadyLow [2 |. 23'| ne 
SERIAL OUTPUT PARAMETERS 


tgorL__| Serial Output Shift 1 to Serial Output Ready LOW 


Serial Output Shift t to Serial Output data 


toDRH Serial Output Data valid to Serial Output Ready HIGH 
tsoHFL | Serial Output Shift t to Half-Full LOW 


oO 
N 
on 


Nh | NO 
Ss 


= 
” 


en ie ae 


tpSHEL Parallel Shift-Out ! to Half-Full LOW 


ae PARALLEL OUTPUT PARAMETERS 


LS 


= 
” 


tpOoDH Minimum Parallel Shift | to Ouput data 


NO 
Oo 


o a eee 9 fe) —_h 
oO © | on re) 


— 
oi 


tpop Maximum Parallel Shift | to Output data 
tpopv Minimum Output data valid to parallel ready HIGH - 0 


a OTHER PARAMETERS 
Fall-through time 10/11/16/17 


30 


| 
” 


- Parallel Input Ready pulse HIGH 


ie) 
© 


blow BLA oO nm 
old olol|a o 
5 
(fo) 


tMRSIRL 
tMRSIRH 


- “1 oa 


oh 
_" 


1 
1 
1 


tMRSORL 


10 
12 
12 
2 
3 
ane 
14 


jo) 
77) 


(o) 


w 
or 


14 
14 

| 14 

15 | 
15 


tpx7z Output disable time POE to PO 
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Electrical Characteristics Over Operating Conditions 


COM 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Low-level input voltage 


Input clamp voltage Voc =MIN | 1)=-18mA 
Low-level input current Vog=MAX| vj=04V 
High-level input current Voc = MAX V)=2.4V 
) ty | Maximum input current Voc =MAX| Vv) =5.5V 
Data Outputs 
VOL Low-level output voltage PO-P8, SOD aoe V 
All other outputs |Ilo, =8 mA 
High-level output voltage Voc = MIN | Ioy=-3mA 
Output short-circuit current” Voc = MAX) Vo =0V 20 -90| ma | 
* Voc = MAX 


PDIR non-standard 
over voltage Serial-In, Serial-Out 140 16 


* Not more than one output should be shorted at a time and duration of the short circuit not exceed one second. 
t This is an absolute voltage with respect to device GND (pin 12) and includes all overshoots due to test equipment. 


Test Waveforms 


TEST | S=OPEN | S=CLOSED | OUTPUT WAVEFORM-MEAS-LEVEL 


50 pF T 1.1K 


2-149 


67417 


Icc VS Temperature 


NORMALIZED Ioc 


AMBIENT TEMPERATURE °C 
Definition of Waveforms 


SERIAL OUTPUT SHIFT 
(SOS) : | . 
OR / \ 7% \ 
PARALLEL SHIFT OUT | 7 
PS(O) | 


SERIAL — —— . ae 
tsiRHS -tsisH tsis_ —> 
SERIAL INPUT SHIFT 
(SIS) ® 
SERIAL INPUT DATA y AM\AAAAAAAAAAA) Cfo 
? | NAAMAY 
. | tsips <«—_—§+»}—1sIDH 
WORD LENGTH é | ) 
(WL) 
tswL—j<——_—_> tHWL 
® FIFO is full. 


_ @ Shift-out (serial.or parallel) is asserted, SIR goes High. 
@® SIS can be asserted tg)Rys after serial input ready changes from low-to-high. 


Figure 1. Serial Input Timing 


SERIAL INPUT READY @ 


sip 
SERIAL INPUT SHIFT 
sis) 


© FIFO is not full. 
® FIFO is full. 


Figure 2, FIFO Full Specification (tsipL) 
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Definition of Waveforms (cont'd) 


PARALLEL/SERIAL 
INPUT SHIFT 
PS(1)/SIS 


SERIAL OUTPUT READY 
(SOR) 


SERIAL OUTPUT SHIFT 
(SOS) 


WORD LENGTH 
(WL) 


SERIAL OUTPUT DATA 
(SOD) 


@ FIFO is empty, output ready remains Low and shift-out cannot be applied. 
@ After a word is shifted in, output ready goes High and shift-out can be applied. 
@® The first serial bit is PO. 


Figure 3. Serial Output Timing 


SERIAL OUTPUT SHIFT 


(SOS) 


SERIAL OUTPUT READY 
(SOR) 


@ After the last shift-out, output ready goes Low indicating FIFO is empty. 


Figure 4. FIFO Empty Specifications (tsORL) , 
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Definition of Waveforms (cont'd) 


PARALLEL SHIFT (IN). 
(PS(1)) 


PARALLEL DATA 


(Po.g) STABLE DATA - 


PARALLEL READY (INPUT) 
PR(1) 


NOTE: Pp |p = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO indicating that a word can be loaded into the FIFO. 
@) FIFO is not full and ready for input. 


@ PS (in) is asserted, shifting in parallel data PO-8. 
PR (In) goes Low indicating parallel port is in use and no longer ready. 
PR (In) will remain Low as long as PS (In) remains High. 


@ PS (In) has gone Low, allowing recent word to propagate through. FIFO, PR (in) returns Bieta when ieady for more input. 


Figure 5. Parallel Input Shift Timing 


PARALLEL SHIFT (INPUT) 
(PS(!)) 


HALF FULL 
(HF) 


® for Ppjp = High, the direction is parallel-in to serial-out. After the 32nd shift-in, the half-full 
flag is set to High, and remains High, indicating the presence of 32 or more words. 


Figure 6. Half-full Flag Specifications on Parallel (tpg}4F}H) 


SERIAL INPUT SHIFT 
(SIS) 


‘ HALF FULL FLAG 
(HF) 


SERIAL OUTPUT SHIFT 
(SOS) 


@) When there are 31 words in the FIFO, the next shift-in on the 32nd word sets the 
half-full flag (HF) High indicating that there are 32 or more words. 


@ Assoonas one word is partially shifted out, HF goes Low indicating there are 
less than 32 words. 


Figure 7. Half-full Flag Specification on Serial Operation (tsi4FH tsOHFL) 
aE aa a a Tg ct BRT Se a a aa A a a eee es ee ee a ee Ped od Se a ee ee 
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Definition of Waveforms (cont’d) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL DATA 
(Po.g) 


PARALLEL READY (OUTPUT) 
(PR(O)) 


tpsPRL 


NOTE: For above conditions Pp)R = Low indicating that the direction is from serial-in to parallel-out. 
Thus parallel ready indicates the output status. 

@ FIFO is not empty and at least one word is valid and ready at PO-8 outputs. 

@ PS (Out) is asserted, shifting out parallel data. Data remains valid, but: 
PR (Out) goes Low to indicate parallel port is in use and no longer ready. 
PR (Out) will remain Low as long as PS (Out) remains High. 

@ PS (Out) has gone Low, allowing data word to be shifted out. Next data word appears at output and 
PR (Out) is asserted to indicate valid data ready. 


Figure 8. Serial-in to Parallel-out Specifications (tpop, tpopH: topv) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) ® 


<—— 'psHFL -———> 


HALF FULL FLAG 
(HF) 


NOTE: For Ppjp = Low the direction is serial-in to parallel-out. 


@ When a word is shifted out and the half-full flag goes Low, 
31 words or less are in the FIFO. 


Figure 9. Half-full Flag Specification on Parallel Shift-out (tpgyFt) 


BIT 8/BIT 9(DEPENDING UPON WORD LENGTH) 


INRA 


SERIAL INPUT SHIFT 
(SIS) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL READY (OUTPUT) 


BECOMES VALID IF 
(PR(O)) @ NOT EMPTY 


NOTE: Ppjp = Low indicating serial-in to parallel-out. 
@® FIFO initially empty. 
@ PS (Out) held High. 


Figure 10. tpgpRy, tpt; tpoH Specifications (Serial Input Mode) 
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| Definition of Waveforms (cont’d) 


BITO _ BIT1 


SERIAL OUTPUT (SHIFT) 
(SOS) 


PARALLEL READY (INPUT) -_ BECOMES VALID IF 
(PR) “FULL” | NOT FULL 


PARALLEL SHIFT (IN) 
(PS(I)) 


NOTE: PpiR = High (parallel-in to serial-out). 
@ FIFO is full. 
@ PS (1) held High. 


Figure 11. Fall-through Specifications 


MASTER RESET 
(MR) 


SERIAL INPUT READY 
(SIR) 


PARALLEL READY (OUTPUT) 
(PR(O)) 


HALF FULL 
(HF) 


__ DATA ouTPuTs SS WN 


NOTE: Ppip = Low. 
@ PR (O) and HF go Low. 
® After MR goes High, SIR goes High. 


Figure 12. Master Reset Timing Serial-in to Parallel-out 
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Definition of Waveforms (cont’d) 


tMuRW 


MASTER RESET 
(MR) 


tMRSORL 


SERIAL OUTPUT READY 
(SOR) 


PARALLEL READY (INPUT) 
(PR(!)) 


HALF FULL 
(HF) 


NOTE: Ppjp = High. 
@) SOR and HF go Low. 
@ Affter MR goes High, PR(I) goes High. 


Figure 13. Master Reset Timing (Parallel-in to Serial-out) 


SERIAL INPUT SHIFT (SIS) 
SERIAL OUTPUT SHIFT (SOS) 
PARALLEL SHIFT IN/OUT (PS) 


PARALLEL PORT DIRECTION (PDIR) 


PARALLEL I/O READY (PR) 
SERIAL INPUT READY (SIR) 
SERIAL OUTPUT READY (SOR) 


tppiROD fe 


PARALLEL DATA : INPUT MODE 
(Po-Pa) | OUTPUT MODE OR HI-z 
tppiRPZ 
tppiROD 


SERIAL yore DATA | OUTPUT MODE HI-Z 
ar tppiRSZ 


NOTE: When the FIFO is used as a stack, change the port direction before the FIFO is full; otherwise, data may be lost. 


Figure 14. PpjpR Transition Parameters 


PARALLEL DATA 
(Po.g) 


PARALLEL OUTPUT ENABLE 
(POE) 


Figure 15. Parallel Port Enable and Disable Timing 
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Definition of Waveforms (cont'd) 
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PARALLEL SHIFT 
PS(l) 


SERIAL OUTPUT READY 
(SOR) 


SERIAL INPUT SHIFT 
(SIS) 


SERIAL OUTPUT READY 


SOR) 


® FIFO empty 


Figure 16. tp7 Specification (Shift-in to Serial Output Ready) 


PARALLEL SHIFT OUT 
PS(O) 


SERIAL INPUT READY 
(SIR) 


SERIAL OUTPUT SHIFT 
(S08) 7 BIT 0 BIT 1 


SERIAL INPUT READY 
_ (SIR). , 


@ FIFO empty 


Figure 17. tp7 Specification (Shift-in to Serial Input Ready) 
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Appendix 
Detailed Functional / Description 
for 67417 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing. It can be suc- 
cessfully used for interfacing parallel-format computing equip- 
ment to serial-format data communications and mass-memory 
equipment. The 67417 is a word-oriented device. It is meant to 
function with complete 8- or 9-bit words of data. 


SERIAL INPUT SHIFT (SIS) —————> 
SERIAL INPUT READY (SIR) 
SERIAL INPUT DATA (SID) 


PARALLEL PORT 


PARALLEL OUTPUT ENABLE (POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) —————>- 
SERIAL OUTPUT READY (SOR) 


Basically the major internal subsystems of the 67417 are: 


(i) The serial input port 

(ii) The serial output port 

(iii) The parallel port 

(iv) The FIFO control logic and 
(v) The cell array 


Serial Port 


The two serial ports (input and output) are entirely separate 
which allows a high-speed data rate of 28 MHz. These serial 
ports do not share data pins, control pins, or internal circuits. 
However, since the serial output data is a three-state output, the 
serial data ports could be connected together in the normal 
serial-parallel operation mode with separate SOR and SIR status 
signals. 


- The serial input port interface consists of the Serial Input Ready 
(SIR) output, Serial Input Data (SID) input, and the Serial Input 
Shift (SIS) clock input. Unlike the analogous SI! and IR signals on 
the 67401/2, SIS and SIR do not accomplish a “handshake” with 
the rest of the logic of the system which incorporates the 67417; 
rather SIR is asserted whenever the 67417 is still capable of 
receiving at least one more bit. SIS is a positive edge-triggered 
input which sequences the serial input control logic. This logic 
in turn controls SIR and the 8/9-bit Input Staging Register (ISR). 


The serial output port interface is the dual of the above, with a 
Serial Output Data (SOD) output, a Serial Output Shift (SOS) 
clock input, and a Serial Output Ready (SOR) status output. 
SOR is asserted whenever at least one more bit is available at the 
output. SOS is a positive edge-triggered input which sequences 
the 8/9-bit Output Staging Register (OSR). Serial Output Data is 
_ automatically three-stated whenever the serial output port is 


SERIAL INPUT 
CONTROL LOGIC 


SERIAL OUTPUT 
CONTROL LOGIC 


Parallel Port 


This is a fully bidirectional port, and it operates at a more conser- 
vative data rate of 10 MHz. The input-staging register (ISR) 
internally controls the parallel input data port bus signals. Like- 
wise the OSR internally controls the parallel output data port. 
The ISR data outputs drive the parallel data inputs to the cell 
array, and the OSR inputs are likewise driven by the final parallel 
data stage of the cell array 


<+«————— PARALLEL SHIFT (PS) 


PARALLEL READY (PR) 
FIFO HALF FULL FLAG (HF) 
oe PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 


WORD LENGTH (WL) 


ISR = INPUT STAGING REGISTER 
OSR = OUTPUT STAGING REGISTER 


disabled (during Master Reset) and PDIR = Low. The parallel 
port is controlled by Parallel Shift (PS) input and Parallel Direc- 
tion Input (PDIR). Parallel Ready (PR) is the handshake/status 
output. At the Parallel Port PS and PR do accomplish a hand- 
shake with the outside world as SI, IR, SO and OR on the 
67401/2. 


Modes of Operation 
There are three modes in which the 67417 can operate 


(i) Parallel-in to serial-out 

(ii) Serial-in to parallel-out and 

(iii) Serial-in to serial-out. 

Inthe parallel-in to serial-out mode, PDIR = HIGH. Thus Parallel 
Shift (PS) acts as a Shift In (SI) and similarly, Parallel Ready (PR) 
as Input Ready (IR). The first bit shifted out of the serial port will 
be bit 0 of the parallel word input. 


Similarly for serial-in to parallel-out mode, PDIR = LOW, and 
Parallel Shift (PS) acts as a Shift Out(SO) and Parallel Ready 
(PR) as Output Ready (OR). The first bit shifted into the serial 
port will be bit 0 of the parallel word output. 


If the direction mode for a particular application of the 67417 is 
not intended to change during system operation, the PDIR input 
should be strapped to a logic LOW or HGH. 


In the serial-in to serial-out mode, PDIR = 10 V minimum. 


The parallel port does not function during this mode and is 


. three-stated. The direction operating mode should not be 


changed if the FIFO is FULL otherwise stored data will be lost. 


Cell Array 


The 67417 cell array can function either as a 64x8 FIFO (with the 
9th bit padded to a zero) or as a 64x9 FIFO, according to the 


setting of the word length (WL) control input. Like the PDIR 
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control input, WL can be switched at electronic speeds during 
system operations; but if the word length of a particular 67417 is 


never to change during system operation, WL for that part can" 


be strapped to ground or Voc. 


It is a permissible 67417 mode of operation to almost fill the FIFO 
(there should be at least two empty locations) with WL set to 
8-bit operation, then switch WL to 9-bit operation (WL = HIGH) 
to load one more word plus a frame marker in the last bit, and 
then switch PDIR and unload the 67417 in a 9-bit mode. This 
sequence of operations has the effect of providing a “frame 
marker bit” in the ninth bit of the last word loaded. The 
corresponding 9th bits will have been zeroed by the 67417 
internal logic for all the other words in the frame since they were 
loaded while the 67417 was operating as an 8-bit device. 


It is, however, the system designer's responsibility to avoid 
changing PDIR inputs when only part of an 8- or 9-bit word has 
been received or transmitted. In general, if such a change 
occurs, the part in general will try to add zero bits to pan out the 
impacted word to assume full engin: 


Applications 


PDIR = 10 V 


Half-Full Flag 


This status output indicates when the 67417 statically contains 

32 words or more. This provides an indication to send:in more. 
data if the device is operated in a mostly-empty mode or send 

out more data if the 67417 is operated in a mostly-full mode. 


Cascading 


The 67417 is designed to be cascaded at the parallel port only, 
due to very high data transfer rates at the serial ports. Cascading 
two 67417’s is accomplished by connecting Parallel Input/Out- 
put Ready (PR) of each part to control the Parallel Shift In/Out 
(PS) of the other part, with one FIFO in serial-in to parallel-out 
mode, and the other FIFO in parallel-in to serial-out mode. The 
combined effect of this is a reversible 128x8 or 128x9 serial-in 
serial-out FIFO. The 67417 can not be cascaded at the serial 


ports because SIR and SOR are not acknowledged signals but 


rather status signals only. 


TRI-STATE 


NOTE: Itcanshift in data serially in the multiples of 8- or 9-bit according to WL. 


Figure 18. 512/576x1 Serial-in to Serial-out Mode 
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Figure 19. Cascading of Two ’S417s for Serial-in to Serial-out 
Operation as a 128x9 (1152x1) FIFO 
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Figure 20. An Example of an Expansion Scheme 
for a 64x18 Parallel-to-Serial FIFO 


An 18-bit data word is multiplexed into the two 67401/2 FIFOs. 67401/2 FIFOs were used along with the 67417 to obtain the 
Since the 67417 FIFO is cascadable at the parallel port only, two appropriate organization. 
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Figure 21. Another Example of an Expansion Scheme for a 64x18 Parallel-in to Serial-out FIFO 
Two 67417 FIFOs Are Used to Implement a 64x18 Parallel-in to Serial-out FIFO 
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Figure 22. A Multiprocessing system 
Each processor unit on the left has its own communication he 67417 for the master unit operates in serial-in to parallel-out 
interface which consists of a serializing FIFO. The serial data link mode (SIPO1). The direction 2 has the FIFOs (67417) operating 
can operate in either direction 1 or direction 2 which is decided __in the reverse direction from the above case. Decision logic 
by the Decision logic. In direction 1 either of the slave units send _ determines the priority of the slave processors to use the serial 
the data to the master over the serial link, with its respective. fink. 


67417 operating in parallel-in to serial-out mode (PISO1). While 
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FIFO RAM 
Controller | 


Features/ Benefits 

¢ High-speed, no fall-through time 

e Deep FIFOs—16-bit SRAM address 
e Arbitration read/write 

¢ Control signals for data latching 


e Full, Half-Full, Empty, Almost flags for 
buffer sizes from 512 to 64 K 


¢ Three-state outputs 


Applications 

e LAN equipment 

e Data communication 

e Disk/tape controllers 

e Host-to-dedicated-processor interface 


Pin Configuration 


Ordering Information 


NUMBER | PINS TYPE 


Description 


The 674219 FIFO RAM Controller provides addressing control, 
status, and arbitration for a static RAM array used as a First-In- 
First-Out (FIFO) buffer. The sixteen address lines can address a 
FIFO buffer area ranging from 512 to 65,536 static RAM words. 
Control signals including W (the write enable signal for the static 
RAMs), handshaking signals for the read and write ports, and 
strobes for external data latching. 


The 674219 allows single-port static RAMs to resolve read and 
write request conflicts according to priority rules selected via the 
Priority-on-Read (PR) and Priority-on-Write (PW) inputs. If 
priority is given to either port, or if only one port is used, the 
maximum data rate through that port is 10 MHz. 


Block Diagram 
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Definition of Terms 


LATCHED request has been received by the 674219 on one 
of its ports. The request has been internally latched, but not 
sampled. 


SAMPLED The state of a latched request when it has been 
internally synchronized. 


PROCESSED A decision to perform a sampled request. 


PERFORMED When the processed request is executed as a 
memory cycle. 


PENDING REQUEST A sampled request that has been held 
until the FIFO completes its current operation(s). 


WRITE DATA PORT The register(s) where the system places 
the data that is to be written into the FIFO. 


READ DATAPORT Theregister(s) where the system reads the 
FIFO data. 


WRITE DATA REGISTER The register(s) which serves as the 
data input to the FIFO. 


READ DATA REGISTER The fegister(s) where the FIFO 
leaves the read data for the system to take. 


Architecture 
The 674219 FIFO RAM Controller, together with an array of 


static RAMs and two registers, comprises a First-In-First-Out 
(FIFO) memory. (See Figure 1.). 
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Figure 1. 57/674219 In and Implementation of a FIFO Buffer 


The 674219 provides addresses and control signals to the static 
RAMs, and interfaces with the system via a write port, a read 
port, and status flags. The 674219 includes three 16-bit counters: 
a write-address counter, a read-address counter, and a status 
counter. The status flags are generated as a function of the state 
of the status counter and the buffer length selected. The Write 
port has a Write REQuest (WREQ) input, a Write ENable (WEN) 


input, and a Write ReaDY (WRDY) output. The read port has a 


Read REQuest (RREQ) input, a Read ENable (REN) input, anda 


ru 


Read ReaDY (RRDY) output. Two priority-control inputs; Priority- 
on-Write (PW) and Priority-on-Read (PR); determine the priority 
rules by which the 674219 arbitrates between simultaneous read. 
and write requests. The 674219 provides two. clock signals 
(RREGCK, WREGCK) to the Read Data Register and the Write 
Data Register, as well as a Write signal (W) to be connected to 
the Write Enable (WE) inputs of the static RAMs. Sixteen address 
outputs provide the read and write addresses to the static RAMs. 
When both REN and WEN are HIGH, the address outputs go into . 
high-impedance (Hi-Z) state, so that the static AME can be 
accessed externally. 


A Master Reset (MR) input allows initializing the part by clearing 
the three counters and presetting the flags. (See Table 1.) 


FLAG CONDITION 


Table 1. Condition of Flags After Master Reset 


Pin Definitions 
Voc 50V+10% 
GND Ground 


CLK CLOCK—Controls synchronous operation of the device. 
All requests are sampled internally on every other LOW-to- 
HIGH transition of the clock. These transitions are called 
sampling clock edges. The first sampling clock edge is the first 
LOW-to-HIGH transition of the clock after master reset. 


BF2-BFO BUFFERSIZECONTROLS—Determine the desired 
buffer size. (See Table 3.) Setting the buffer size is essential for 
correct operation of the status flags. 


MR MASTER RESET—Clears all counters when LOW. The 
first LOW-to-HIGH transition of the clock, following a LOW- 
going Master Reset pulse, is the first sampling clock edge; the 
first request to be serviced is a write request. (See Figure 7.) 


A15-A0 ADDRESS OUTPUTS—Three-state outputs which 
provide a read address when Wis HIGH, ora write address when 
Wis LOW. A15-AQ are in the Hi-Z state only when both REN and 
WEN are HIGH. 


TEST An input used during manufacturing final test. For 
normal operation, TEST should be tied to GND. | 


W_ WRITECONTROL—Usedto control the SRAM arrays Write 
Enable pin and to output enable the write data register. 


WREQ WRITE REQUEST—A LOW-going pulse on this pin 
requests a write to the FIFO. A write request can only be latched 
if the write port is enabled (WEN is LOW), and the previous 
write request has been processed (WRDY is HIGH). 


RREQ READ REQUEST—A LOW-going pulse on this pin 
requests a read from the FIFO. A read request can only be 
latched if the read port is enabled (REN is LOW), and the 
previous read request has been processed (RRDY is HIGH). 
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WEN WRITE ENABLE—When this input is HIGH, all write 
requests are ignored. When WEN is LOW and WRDY is HIGH, a 
write request (WREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into. the Hi-Z state, permitting external access to the 
SRAM array. 


REN READ ENABLE—When this input is HIGH, all read 
requests are ignored. When REN is LOW and RRDY is HIGH, a 
read request (RREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


PW,PR WRITE PRIORITY and READ PRIORITY—These two 
inputs determine the rules governing the arbitration between 
write and read requests. (See Table 2.) These inputs must not 
both be HIGH simultaneously. 


WRDY WRITE READY—When this output is HIGH, and WEN 
is LOW, a write request may be sent to the WREQ pin. 


WRDY goes LOW on the sampling clock edge which samples 
the write request. WRDY will go HIGH on the non-sampling 
clock edge which starts the write cycle. WRDY will stay LOW if 
the FIFO is full. . 


Write requests should be made only when WRDY is HIGH. 


RRDY READ READY—When this output is HIGH, and REN is 
LOW, a read request may be sent to the RREQ pin. 


RRDY goes LOW on the sampling clock edge which samples the 
read request. RRDY will go HIGH on the non-sampling clock 
edge which starts the read cycle. RRDY will stay LOW if the FIFO 
is empty. 


Read requests should be made only when RRDY is HIGH. 


WREGCK WRITEREGISTER CLOCK—This output is used to 
clock the write data register. 


-RREGCK READ REGISTER CLOCK—This output is used to 
clock the read data register. 


EMPTY EMPTY FLAG—When HIGH, indicates that the FIFO 
is empty. Read requests are not permitted when the FIFO is 
EMPTY. 


FULL FULL FLAG—When HIGH, indicates that the FIFO is 
full. Write requests are not permitted when the FIFO is FULL. 
HF HALF-FULL FLAG—When HIGH, indicates that the FIFO 
has half, or more, of its locations occupied. 

ALMOST ALMOST FLAG—When HIGH, indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. 


nm 


Requests, Arbitration and Data Capture 


Aclock, supplied via the CLK input of the 57/674219, generates 
the internal sequence of events which constitutes a single FIFO 
operation. The read and write ports recognize and latch read 
and write requests asynchronously, provided that the respective 
enable (REN or WEN) is LOW, and the request window setup 
time is observed. 


The FIFO write operation is as follows (see Figure 2): 


Stage 1 A write request is sent to the 674219 by a LOW- 
going pulse on the WREQ pin. 


Stage 2 The write request is latched internally, asynchronous 
to the clock. 


Stage 3 WRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. WRDY also indicates 
to the system that the write port is no longer accepting write 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tWRQC specifications. 


Stage 4a Regardless of whether the write cycle is started or 
not, WREGCK will go HIGH for one clock cycle on the non- 
sampling clock edge that follows WRDY going LOW. The 
transition from LOW-to-HIGH on the WREGCK pin clocks data 
into the write data port, reading the data for writing to the SRAM. 


Stage 4b A decision to wait, or to perform the write cycle is 
made based on the following: 


Case1_ If read priority is set, the 674219 will process all pending 
read requests first. The write cycle will be delayed until all of the 
read cycles have been performed. Then, and only then, will the 
pending write cycle be performed. 


Case 2. If write priority is set, regardless if there is a pending 
read request or not, the write cycle will start on the next non- 
sampling clock edge that follows WRDY going LOW. If there was 
a pending read request, the read cycle will not be started until 
the write cycle has been completed. 


Case 3 If no priority is set, and there is no pending read 
request, the FRC will start the write cycle on the next non- 
sampling clock edge that follows WRDY going LOW. 


Case4 _ Ifnopriority is set, and there are simultaneous requests 
(i.e., aread request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


If the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be pro- 
cessed first, followed by the read request. 


lf the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be pro- 
cessed first, followed by the write request. 


SAMPLING 


CLK 


4a 
WREGCK , ¥ \ . 
_ . | 5. 
Ww . i“ . ~f 


Figure 2. The Stages of a FIFO Write Operation 


2-163 


674219 


% 


Stage 5. WRDY will go HIGH on the nee nage that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (WRDY 
going from LOW-to-HIGH). The Write line (W) goes LOW at 
tCWL after the clock edge starting the memory cycle and stays 
low until tCWH after the clock edge terminating the memory 
cycle.. 


The FIFO read operation is as follows (see Figure 3): 


Stage 1 A read request is sent to the 674219 by a LOW- 
going pulse on the RREQ pin. | : 


Stage 2. The read ae is latched yeey asynchronous 
to the clock. ar : 


Stage 3 RRDY goes Low on the aipling ‘ise edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. RRDY also indicates 
to the system that the read port is no longer accepting read 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tRRQC specifications. 


Stage4 Adecision to wait, or to perform the read cyclei is made 
based on the following: 


Case1 If write priority i is 5 set, the 674219 will process all pend- 
ing write requests first. The read cycle will be delayed until all of 


the write cycles have been performed. Then, and only then, will 


the pending read cycle be performed. 


Case 2 If read priority is set, regardless if there is a pending 
write request or not, the read cycle will start on the next non- 
sampling clock edge that follows RRDY going LOW. If there was 
a pending write request, the write cycle will not be started until 
the read cycle has been completed. 


Case 3 If no priority is set, and there is no pending write 
request, the FRC will start the read cycle on the next non- 
sampling clock edge that follows RRDY going LOW. 


Case4_ Ifnopriority is set, and there are simultaneous requests 
(i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 

1. If the last case of simultaneous requests (with no priority) 


performed a read cycle first, the write request will be 
processed first, followed by the read request. 


2. If the last case of simultaneous requests (with no priority) | 


performed a write cycle first, the read request will be 
processed first, followed by the write request. 


Stage 5 RRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (RRDY 
going from LOW-to-HIGH). Read REGister Clock (RREGCK) 
goes LOW for one clock cycle, starting with the sampling edge 
that occurred within the read memory cycle. RREGCK clocks 
data from the SRAM array to the read data port on the LOW-to- 
HIGH transition, which terminates the read cycle. 
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Figure 3. The Stages of a FIFO Read Operation 


Priority 


Two input signals, Priority-on Read (PR) and Priority -on-Write 
(PW), determine the arbitration rule which sequences the read 
and write cycles, for various cases as follows: (see Table 2): 


Cw [P| PRoATY 
To [0 eprony 
ee 
ce 


Table 2. Priority Encoding 


No-Priority Case 


If no priority is selected (PR = PW = LOW), each request is 
processed in the order it came into the FRC. 


Ifno priority is set and both a read and write request are latched 
before the same sampling clock edge, the 674219 will pertorm 
read and write cycles alternately. (See Figure 4.) 


Write Priority Case 


If write priority is selected (PR = LOW, PW = HIGH) write 
requests are always processed before read requests sessuming 
that the requests meet the setup time). 


lf write priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the write cycle will take place first. If, before the 
next sampling clock edge, another write request is latched; 
another write cycle will take place, and the pending read request 
will not be processed. Only when the sampling clock edge 
encounters no further write requests will the pending read 
request be processed. At this time the read cycle will start and 
the RRDY output will go HIGH. (See Figure 5.) 
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Figure 4, Operation With No Priority 
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Figure 5. Operation With Write Priority 
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Read Priority Case 


lf read priority is selected (PR = HIGH, PW= LOW) read requests 
are always processed before write requests assuming that the 
requests meet the setup time). 


If read priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the read cycle will take place first. If, before the 
next sampling clock edge, another read request is latched, 
another read cycle will take place and the pending write request 
will not be processed. Only when the sampling clock edge 
encounters no further read requests will the pending write 
requests be processed. At this time, the write cycle will start and 
the WRDY output will go HIGH. (See Figure 6.) 
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Buffer Length 


A three-bit input control field, BF2-0, selects the buffer length 
(“depth”) of the FIFO. Any power of 2 from 512 to 65,536 may be 
chosen as the buffer length. (See Table 3.) 


Table 3. Buffer Length 


Status Flags 


The flags are generated as a function of the buffer length, 
selected via inputs BF2-BFO, and the state of the status counter. 
The status flags are: | 


EMPTY WhenHIGH, the EMPTY ‘lag indicates that the FIFO is 
empty. The EMPTY flag goes HIGH on the first sampling clock 
edge during the memory cycle which empties out the FIFO. 


FULL WhenHIGH, the FULL flag indicates that the FIFO is full, 
and no more data can be written into it until a read cycle takes 
place. The FULL flag goes HIGH on the first sampling clock 
edge during the memory write cycle which fills up the FIFO. 


HF When HIGH, the Half-Full flag indicates that the FIFO is 
filled to half its depth, or more. 


ALMOST When HIGH, the ALMOST flag indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
~ available) if ALMOST is HIGH and HF is HIGH. 


The flags Master Reset to the states shown in Table 1. 


First Write Cycle (After a Master Reset 
or When FIFO is Empty) 


The first LOW-to-HIGH clock edge, following Master Reset (MR) 
going LOW-to-HIGH, is the first sampling clock edge. The 
sampling clock edge occurs every other positive-going transi- 
tion of the clock. The LOW pulse on MR clears the three internal 
16-bit counters (status, read and write). The FIFO is set to the 
EMPTY state, and no read requests are allowed (RRDY = LOW). 


After an interval of at least tMRS after MR goes HIGH, a LOW- 
going pulse on the WREQ pin tells the 674219 that a write to the 
FIFO is requested. The write request is latched by the write port, 
provided that WEN is LOW. (See Figure 7.) The following sam- 
pling clock edge samples the request, and causes WRDY to go 
LOW. WRDY goes HIGH again on the next (non-sampling) posi- 


__ tiveclock edge, regardless of priority. The write cycle takes place 


over two clock periods, starting on the positive non-sampling 
clock edge following the sampling clock edge which brought 
WRDY HIGH. The data is clocked into the external Write Data 
Register on the same non-sampling clock edge, and into the 


| external Read Data Register on the second sampling clock edge, 


to allow minimal fall-through time. (See again Figure 7.) EMPTY 
will go LOW to indicate that there is valid data in the FIFO. RRDY 
goes HIGH indicating that there is data to be read from the FIFO. 
The same sequence of events occurs for the first write request 
that is initiated when the FIFO is empty. 


Methodology for Reading 


_ In order to maintain a consistent system level architecture, the 
674219 has been constructed such that the system should read 


the data port before a read request is sent. (See Figure 8.) 


This ability allows the FIFO a zero fall-through time on all cycles. 
The system is able to get the data from the FIFO right away, 
without having to wait for the FRC to perform a read cycle of the 
SRAMs. 


On the read port, a positive-going edge of RREGCK signals to 
the system that the read data register is being updated. The 
system should read the data first and then send a request to 
obtain the next word from memory to the read data register. 
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Figure 7. First Write After Master Reset or When FIFO Is Empty 
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Figure 8. Methodology for Reading From the FIFO 
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Write Cycle (Figure 9) 


A write request, indicated by a LOW-going pulse on the WREQ , 


pin, is latched by the 674219, provided that WEN is LOW and 
WRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. WRDY goes LOW on the same sampling clock 
edge, to indicate to the system that a write request has been 


latched and synchronized internally. In addition, WREGCK will © 


go HIGH for one clock cycle on the non-sampling clock edge 
that follows WRDY going LOW, regardless of whether the write 
request is processed. The write request will be processed only if 
one of the following sets of conditions is true: 


1. Write Priority has been selected. 


If write priority has been selected, the FRC will process all | 


write requests before any pending read requests. 


2. No read request has been latched. 


If no read request has been latched, regardless of priority, the 
FRC will process the write request immediately and will start 
the write memory cycle on the non-sampling clock edge that 
follows WRDY going LOW. 
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3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


4. Nopriority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case the 674219 will process the read request first, and 
__ then process the write request. 


Once the write request has been processed, a write cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which WRDY goes HIGH. Wwill go LOW, tCWL after the 
start of the write cycle. W is used to Write Enable the SRAM array 
and to Output Enable the write data register. Two clocks later _ 
(tCWH) W will go HIGH again, terminating the write cycle. 


In order to avoid the bus contention inherent in shared-l/O 
memory systems, a delay line and an OR gate may be required 
(see Memory Interface Design Guidelines). 
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Figure 9. Write Cycle Timing 
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Read Cycle (Figure 10) 


A read request, indicated by a LOW-going pulse on the RREQ 
pin, is latched by the 674219, provided that REN is LOW and 
RRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. RRDY goes LOW on the same sampling clock 
edge to indicate to the system that a read request has been 
latched and synchronized internally. The read request is pro- 
cessed only if one of the following sets of conditions is true: 


1. Read Priority has been selected. 


If read priority has been selected, the FRC will process all 
read requests before any pending write request. 


2. No write request has been latched. 


If no write request has been latched, regardless of priority, the 
FRC will process the read request immediately and will start 
the read memory cycle on the non-sampling clock edge that 
follows RRDY going LOW. 


3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 


t CLKWL SAMPLING EDGE 


: 7 


RRDY 


= ZT 


© LILLIILLLLLL LL LL} 


request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case, the 674219 will process the read request first. 


4. Nopriority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


Once the read request has been processed, a read cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which the RRDY goes HIGH. RREGCK goes LOW on 
the next sampling clock edge, stays LOW for one clock cycle, 
and goes HIGH on the following non-sampling clock edge, thus 
clocking the data which appears at the SRAM array’s data 
outputs into the Read Data Register. RREGCK going HIGH 
terminates the read cycle. . 


<q——— MEMORY CYCLE 


TANVAV + 


tT ARRH 


Figure 10. Read Cycle Timing 
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Memory Interface 
Design Guidelines 


Introduction 


The purpose of the memory interface design guideline is to aid 
the engineer in interfacing the 674219 FIFO RAM Controller 
(FRC) to an array of static RAMs. This guideline will be broken 
down into three separate sections. The first section is a timing 
analysis of the read:cycle. The second section is a timing analy- 
sis of the write cycle. The final section will guide the designer 
through a real design. 


Figure 11 shows a typical SRAM interface scncnatie 


Section One: | 
Read Cycle Timing Analysis 


Figure 12 shows the basic timings which are critical to the read. 


cycle. Some of these parameters apply to the FRC, some to the 
SRAM array, and others to external logic. For convenience, 
these parameters are broken up below: 


FRC Parameters: . 

tay Clock to Address Valid Time 

tANV Clock to Address Not Valid Time 

SRAM Parameters 

tRC Read Cycle Time 

tacs Chip Select Access Time 

tAA Address Access Time 

tOH Output Data Hold Time from Address Change 
tHz Chip Deselect to one in eee 


External Logic: 

Chip Select Decoder Parameters: 
tDECODE tpp through Decoder 
Read Data Register Parameters: 


ts Data Setup Time 
tH Data Hold Time 


Other Parameters (See Text): 


tRDREGH Clock to RDCLK High [RDCLK is the clock 
input of the Read Data Register] 


(This parameter is normally tcRRGH of the FRC) 


There are six separate equations which must each be met in 
order to determine what speed of SRAM the designer will need. 


It is assumed that the user has already specified a speed of © 


operation and the external components needed. The equations 
listed can be used at any frequency, up to a maximum of a 
20-MHz clock rate. 


Since every read cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be satisfied is the read cycle 


time (tRC). This identifies what speed SRAM is required. The 
equation is based on the total time that the address is valid minus 
the decoder time. Since the decoder has some minimum skew 
on the negating edge, this time is ADDED to the equation. The 
equation thus becomes: 


BFO-2 FLAGS 


* 674219 
’ FIFO RAM Controller. 


ADDRESS | 
CLK. 


WE § sRAm 
ARRAY 


DATA 


> DATA 
OUT 


WRITE DATA REGISTER READ DATA REGISTER 


Figure 11. A Typical SRAM Interface 


Equation 1-1 
tRCS aT - {\DECODE(max) + tDECODE(min) - tANVAV(max) 


The access time must be looked at next. There are actually two 
separate equations that help determine the access time. 


Equation 1-2 determines the address access time (tAA). tAA is 
based on the time that the address is valid before the read 
register gets clocked. The equation takes into account the setup 


| time of the read data register (tS) as well. The equation is: 


Equation 1-2 
tAAS 2T - MAX(tay - tRDREGH) - tS(min) | 
Where MAX(tay - tRDREGH) is the maximum difference 


between tay and tRDREGH 


Equation 1-3 determines the chip select access time (tACS). 


This time is based on the time the address is valid before the read 
register gets clocked MINUS the maximum skew through the 


chip select decoder. This is done to ensure that the decoder 
delay is taken into consideration. Again, the read register setup 
_ time is considered. The modified equation thus becomes: 


Equation 1-3 
tacss aT - {DECODE(max) - MAX(tayv - tRDREGH) - tS(min) 


- Where MAX(tay - tRDREGH) is the maximum difference . 


between tay and tRDREGH 

The next two equations take into consideration the read data 
hold time with respect to the address (tOH), and the chip 
deselect to data outputs in High-Z time (tHZ). We will consider 


the more Critical tOH. tOH can easily be determined by 


comparing the.data hold time PLUS the clock to address not 


~ valid (tANV) time with the sum of the clock to RDCLK HIGH time 


(tRDREGH) and the data register hold time (tH). The equation 
for this becomes: 
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Equation 1-4 
tOH(min) * tANV(min) = tRDREGH(max) + tH(min) 


If the SRAM has an extraordinarly long read data hold time 
(tOH), the above equation must be modified to include the now 
more Critical chip deselect to data outputs in High-Z time (tHZ). 
This is done by simply substituting tHZ for tOH. The modified 
equation is: 


Equation 1-5 
tHZ(min) + tANV(min) = tRDREGH(max) + tH(min) 


In addition to the above equations, one more is necessary in 
certain cases. In Figure 12, the read cycle is shown. At the very 
end of aread cycle, the read data register is clocked. The normal 
clocking signal for the FRC is RREGCK. Since the read data 
register’s clock is normally connected to RREGCK, if RREGCK 
goes HIGH after the data from the SRAMs goes away, the data 
will be lost. This is only true if the SRAMs have a low tOH(min). 
Normally, in all of the above equations, the clock to RREGCK 
HIGH (tCRRGH) is substituted in place of tRDREGH. In the 
cases where a low tOH does not guarantee the data will be 
properly clocked, the user has another alternative. 


By adding an external OR gate between the clock and RREGCK, 
the user can effectively shorten tCRRGH(max). The gate 


Sampling Edge 


“ANDs’ the active LOW RREGCK with the clock when it is LOW. 
This produces an active LOW output signal called RDCLK (see 
Figure 12). This will bring the edge of read register clock into 
specification for any tOH, even one of zero. Figure’ 11 shows a 
typical example of a SRAM interface, including this gate, should 
it be necessary. 


Because the OR gate inherently has some delay, an equation is 
necessary to calculate the new tCRRGH. (This “new” parameter 
is called tRDREGH). It should be noted that if the designer finds 
it necessary to implement this logic, due to a low tOH, he/she 
must replace the tRDREGH in Equation 1-1 through 1-5 with the 
result from the following equation, rather than the normal 
tCRRGH. The equation for the gate is: 


Equation 1-6 

'RDREGH (max) = tPDOR (max) 

Where tpDOR(max) is the maximum tpp through the OR gate. 
Since the clock will bring RDCLK low some tPDOR(max) later, 
the setup time of the read data register is automatically achieved. 


The above equations complete the timing analysis for a read 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


READ CYCLE 


CiK : . 
t 
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A 


t 
t DECODE(MAX) DECODE(MIN) 
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RREGCK 3 
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** Actual clock input to the Read Data Register. This may be the same as RREGCK or may be the output of the OR-gate shown in Figure 1 


Figure 12. Read Cycle Timing 
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Section Two: 

Write Cycle Timing Analysis 

Figure 13 shows the basic timings which are critical to the write 
cycle. Some of these parameters apply to the FRC, some to the 


Static RAM array, and others to external logic. The parameters 
that are unique to the write cycle will be summarized below: 


FRC Parameters: 

tpw Write Pulse Width HIGH 
tWHAV _ WHIGH to Address Valid 
tANVAV Address Not Valid to Address Valid 
tWHWRCH.. _W HIGH to WREGCK HIGH 
SRAM Parameters 

two _ Write Cycle Time 

tAWw Address Valid to End of Write 
tcw CS to End of Write 

twp _ WE Pulse Width LOW 

tow Data Valid to End of Write 
twz WE LOW to Outputs i in High-Z 


External Logic: 
Write Data Register Parameters: 


tpz OE to Outputs in Low-Z 
tcp Clock to Outputs Valid 
SAMPLING EDGE © 
CLK 


ADDR 


Fd 


WREGCK 


=l 


ml 


DATA BUS 


Other Parameters (See Text): 
tWOE tDLY(max) + tORSKEW(max) - 


There are six equations which must determine the write cycle 
specifications for the Static RAM. It is assumed that the user has 


already selected the frequency of operation and the external 


components needed for his/her system. 


Since every write cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be looked at is the write cycle 
time (tWC). This equation will determine what speed of SRAM is 
required for proper operation. This parameter is the same as the 
total time that the address is valid. This is calculated with. the 
following equation: | 


Equation 2-1 


two = 2T - taNVAV(max) 


There are three basic areas to be looked at once the write cycle 
time. has been determined. The first is the access time of the 
SRAM. There are two separate equations in this area. 


The first parameter to be analyzed is the time from address valid 
to the end of write (tAW). This parameter can be calculated by 
taking the total write cycle time (2T) and subtracting from it, the 
time from W going HIGH to the next address becoming valid. 
The RAEN) is: 


WRITE CYCLE 


‘Figure 13. Write Cycle Timing 
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Equation 2-2 


taw = 2T - tWHAV(max) 

The designer must also check the chip select to end of write time 
(tCW). This is often more critical than tAW in determining which 
SRAM to use in the system. The tCW parameter can be obtained 
in the same way as tAW except that the decode time is also 
included in the equation. The modified equation is: 


Equation 2-3 
tcw S 2T - tWHAV(max) - tDECODE(max) 


In addition to the various access times of the write cycle, the user 
must next look at the pulse width of the write signal (tWP). This is 
basically the difference between 2T and the FRC’s write time 
HIGH (tPW). The equation is: 


Equation 2-4 


twP = 2T - tpw(max) 

The last area that needs to be analyzed is the data setup time of 
the SRAM. The data setup time is specified as the time data is 
valid before write goes HIGH (tDW). 


There are three separate equations which determine the 
required tDW of the SRAM. 


The write register has a certain propagation delay from its clock 
input pulse before the data becomes valid. Data must be valid at 
least tDW before WE goes HIGH or it will be lost. The equation 
takes into account the clock to output time (tCP) of the write 
register. The equation Is: 


Equation 2-5 


tow S 2T - tcP(max) - WHWRCH(max) 

The write data register is enabled by the W signal of the FRC. 
The register takes some minimum time before it enables its 
outputs from the High-Z state (tPZ). 


The SRAMs have some maximum time in which they disable 
their outputs when the WE signal goes LOW. This parameter is 
the time from WE LOW to the data outputs in High-Z (tWZ). 


If tWZ(max) is greater than tPZ(min), bus contention will result. 
To counter this problem a delay must be introduced between the 
W signal of the FRC and the OE input of f the write data register. In 
addition, an OR gate is used to bring OE HIGH shortly after WwW 
goes HIGH. This is illustrated in Figure 11. tWOE(max) is the 
total delay between W going LOW and OE going LOW. It is 
calculated by the following equation: 


Equation 2-6 


tWOE(max) = tDLY(max) + tPDOR(max) 
Where tpLy(max) is the maximum delay through the delay line. 


tPDOR(max) is the maximum propagation delay through the 
OR gate. 


Equation 2-5 dictated the tDW based on the clock to output time 
of the register. In most cases though, this time is automatically 
guaranteed. Since the data will not be valid (Low-Z) until some 
tPZ after OE goes LOW, even though it has been clocked 
properly, a new equation is necessary to determine the tDW of 
the SRAM. This equation must take into account the delay that 
was added in to prevent bus contention. It must also take into 


account the tPZ time of the register. The equation is very similar 
to Equation 2-5 with those exceptions. The equation thus 
becomes: 


Equation 2-7 


tow = 2T - tpw(max) ~ tPZ(max) - tWOE(max) 

One additional equation is required to determine the delay line 
required to prevent bus contention. The equation for the delay 
line takes into account the maximum tPD through the OR gate. 
The equation is based on the tWZ of the SRAM and thetPZ of the 
write data register. The equation is: 


Equation 2-8 


tDLY(min) = tWZ(max) - tPZ(min) - tOR(min) 

The above equations complete the timing analysis of the write 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


An Example Interface 


In order to determine any Static RAM parameters, the user must 
know several things. He/she must identify the frequency of 
operation, the read and write data registers, the chip select 
decoder, and any other logic which may be necessary. 


As an example, assume that a 5-MHz data throughput is desired. 
This will allow a 10-MHz all read or all write data rate. This data 
rate dictates a 20-MHz clock speed for the FRC. » 


For worst case design, assume that the selected SRAM has.a 
tOH of zero. Since tOH = Ons, there must be an external OR-gate 
to clock the read register. In addition, assume that the selected 
SRAM has a tWZ(max) < 20 ns. 


In order to resolve any bus contention a delay line and another 
OR gate will be added. 


74F series parts are used to keep the design clean. It should be 
noted that the user can use any kind of logic. Because of the 
particular worst case SRAM parameters that were chosen, this 
design contains the maximum number of parts that are required 
for any design. 


Given the above considerations, this 20-MHz design requires the 
following parts: 


Parts List: 
QTY PART DESCRIPTION 
1 674219 FIFO RAM Controller 
1 74F138 Address Decoder 
2 74F374 8-bit Register 
1 74F32 OR-Gate 
1 20 ns +10% Delay Line 


The following is a step-by-step analysis of the read and write 
equations to determine the required SRAM parameters. The 
equations will also show the delay line needed to avoid bus 
contention. 
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Read Equations: 


Equation 1-1 © 
tac set - - t(DECODE(max) + t\DECODE(min) - tANVAV (max) 
100- 9.0 + 30 - 12 
[FRC] [F138] [F138] [FRC] 
tRC < 82.0ns — - 
Equation 1-6 | 


DREGE = tan gy - toRSKEW (max) 
6.6 


ae (F32] 
tRDREGH(max) = 6.6 ns 

Equation 1-2 : 

tAA Sea MAX(tay - tRDREGH) ~ ‘S{min) 


OO- (40 - 8.4) - 
[FRC] [FRC] [F32] aa 
tAA < 66.4 ns 
Equation 1-3 


tacS <= 2T - tpECODE(max) - MAX(tav - tRDREGH) - tS(min) 
100- 90. - (40 - 84) - 20 
[FRC] [F138] 

tacs = 57.4 ns 


[FRC] [F32] [F374] 
Equation 1-4 
Saino + ng) = 2 ARDREGH(max) | + nin) 


[SRAM] ne [F32] © 


15 ns = 10.4ns_ 


ea 


Equation 1-5 


tHZ(min) + tANV(min) 2 tRDREGH(max) + tH(min) 
0 + 15 > 84 + 20 
[SRAM] [FRC]. [F32] 


‘1Sns- 2 10.4ns 


[F374] 


Write Equations: 
Equation 2-1 | 
two = 2T - taNVAV(max) |. . 
—100-. 12 | 
_ [FRC] ~ [FRC] 
tWc < 88.0 ns 
Equation 2-2 
tAW S 2T - tWHAV(max) 
100- 25 
[FRC] [FRC] 
taw<75.0ns — 
Equation 2-3 
tow $2T - SMDANIMaX) = “ DECODE(max 
100 - 9.0 
[FRC] 
tcw <= 66.0 ns 


eae) [F138] 


Equation 2-4 


twp <2T - tpw(max) 
100- 25 
[FRC] [FRC] 


twp = 75.0 ns 
Equation i 


tows2T = - tCP(max) - BAEMCH (max) 
100- 125 - 18 
[FRC] [F374] 


tow < 69.5 ns 


[FRC] 


Equation 2-8 
tDLY (min) = tWZ(max) - tPZ(min) ~ tOR(min) 
0) - 20 - 3.0 
[SRAM] [F374] _[F32] 
tDLY(min) = 15 ns (USE 20 ns ' 10% 
Equation 2-6 
'WOE(max) = tDLY(max) + toR(max) 


22 + 6.6 
[DELAY] —_ [F832] 


tWOE(max) = 28.6 ns 


Equation 2-7 
tow = 2T - tPw (max) ~ ~ tPZ{max) ~ ~ WOE(max) 
100 - 
[FRC] ene ea ener 
tow <= 33.9 ns 
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RESULTS 

READ PARAMETERS: 

Minimum tRG = 82.0 ns 
“Minimum tag == 66.4 ns 

Minimum tacs = 57.4 ns 

Minimum toH =0 ns (Assumed) 

Minimum tyz =0 ns (Assumed) 

WRITE PARAMETERS: 

Minimum two = 88.0 ns 

Minimum taw = 75.0 ns 

Minimum tcw = 66.0 ns 

Minimum twp = 75.0 ns 

Minimum tow = 33.9 ns (Equation 2-7 used for tDw(min)) 
Minimum twR =0 ns (Because FRC’s twr = 0 ns) 
DELAY LINE: 


20 ns Delay Line ('10%) 


F374 


Based on those results, the Hitachi HM6168H-45 was selected. 
This is a 4096 x 4-bit Static RAM with a 45-ns access time. Its 
specifications are: 


READ PARAMETERS: 
Minimum tRG == 45.0 ns 
Minimum tag = = 45.0 ns 
Minimum tacs = 45.0 ns 
Minimum toH = 5.0 ns 
Minimum tyz =O ns 
WRITE PARAMETERS: 
Minimum two = 45.0 ns 
Minimum tay, = 40.0 ns 
Minimum tow = = 40.0 ns 
Minimum twp = 35.0 ns 
Minimum tpw = = 20.0 ns 
Minimum twR =0 ns 


Sixteen 4K x 4-bit SRAMs are required to complete a 32K x 8-bit 
FIFO buffer. The complete design is shown in Figure 14. This 
illustrates the two OR-gates, the delay line, the decoder, the two 
registers, the Static RAM array and the 674219 FIFO RAM 
Controller in a 20-MHz design. 


674219 


FIFO RAM CONTROLLER 


CLK 


_ RREGCK 


HM6168H-45 


F374 


Figure 14. Worst Case Design for 20 MHz 
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Absolute Maximum Ratings | 7 
Supply voltage Vcc Naina uae: Ss ia eta nesseaeeceye Vad ia Kee e Le Ree TAU eE LS bases ehaeeswe xs eete 20.5 V 107.0 V. 


DC input voltage Vj... eee eee eee eee Ee ee Pte Oe eee eee Beer ee rere a... 70.5 V to 5.5V 
DC output voltage, Vo ......... eee eens erro sie Red eee re ee eee eee eee ee eee SAdeaae as -0.5V to5.5V 
Off-state output voltage .......... pe geote Tawtandly inneaa ae CHa aieraate cline ee oh eee nee tae eaeewie we .. O5Vt05.5V 


DIOKAGS TSRIMIPOLALUTO csi stares: aiid cecal Benes 5,91 wi tay Seadoo dole Seetscon tink Sunde Og wal CEE ew BE aR LE Rh aes -65° to +150°C 


Operating Conditions 


PARAMETER _— 


TA wa 
C210 


COMMERCIAL | 
MIN TYP MAX 


475 5 5.25 
0 75 


MILITARY 
IN TYP MAX 


5 5.5 
125 


SYMBOL 


N 
Operating free-air temperature . N 
tCLKWH Clock width HIGH | 9,10 
Clock width LOW 
Clock frequency a 
7 
1 
7 


1é%) 


tCLKWL 
fCLK _- 
tREQL 
tREQH 
tMRL 


Co;— 
N 
oO 


2 


—J 
ou 


ae) 


Request LOW time 7,9,10 
Request HIGH time ras 


[A 
[A 
/ 
Master Reset width LOW | 
7 
9 
10 
0 
9 
10 


nN 
oi 


Master Reset HIGH to WREQ LOW 


nN 
oa 


aa 
| 56 | 
tEWRQ | WENtoWREQsetuptime | 7.9 
Q_| RENtoRREQsetuptime | 10 
Lees 
Eales 
| 79 


m 
mo 
on 


M 
4 
-5 
4 
3 
1 
2 
3 
1 
1 
5 


| RREQ to REN hold time | 
RQC -WREQ LOW to sampling clock setup time 


tRRQC | RREQ low to sampling clock setup time | 10 | 


* The request window must be observed to guarantee proper operation, between min and max values are not allowed. 


on 


5 
5 
5 
4 
2 
5 
tps Priority to non-sampling clock setup time < 0 
. 5 
5 


WREQ to WEN hold time 


Bi Dy ep) 


oe) 
* 


0 
30* 


10°. 25 
10° 25° 


o 
* 


Electrical Characteristics Over Operating Conditions 
SYMBOL 


COMMERCIAL 
PARAMETER TEST CONDITION MIN TYP MAX UNIT 


Vj=045V 


High-level input current ~ Voc = MIN Vp=24V 


Voc = MIN lo (Address) = 16 mA 
~Voc= MIN © loL (Control) = 8 mA 

Voc = MIN - lot (Flag) =8mA | 
Vcc = MIN IOH (Address) = -3 mA 
Vcc = MIN IOH (Control) = -3 mA 
Voc = MIN IOH (Flag) = -3 mA 


VIL 

VA 

VIC 

NL" 

lH" 

VOL 
VOH — 
los™ 


MA 
= on 


be 


- 
@) 
; 
@ 
© 
° 
Cc 
r= 
ne) 
Cc 
= 
< 
o 
— 
is) 
io} 
co) 


lOZH 2 Vcc = MAX Vo =24V +40 
IOZL Off-state output currents VEG = MAX Vo =04V -350+ 


Icc - Supply current Voc = MAX . 350 


BLS 


m 


*Except TEST pin, which should always be grounded. 
**No more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
tloz is Output leakage current plus Ij. | | | 
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Switching Characteristics 


MILITARY COMMERCIAL 
SYMBOL PARAMETER MIN TYP MAX |MIN TYP MAX UNIT 


_ Master Reset LOW to WRDY HIGH 
Master Reset LOW to RRDY LOW 
Master Reset LOW to EMPTY flag HIGH 
Master Reset LOW to Almost HIGH 
Master Reset LOW to WREGCK HIGH 
Master Reset LOW to RREGCK HIGH 
Master Reset LOW to W HIGH 


Clock to address valid 


13) 


'MRWH 
'MRRL 
'MREF 
{MRAL 
tMRWRC 
tMRRRC 
tMRWBH 


oi 
Oo 


oO 
3 
” 


Ns 


£ 
>) 


ns 


163] 
o>) 
a} 
wn 


7,9,10,12,13 
7,9,10,12,13 
7,9,10,12,13 


Clock to address not valid 15 ns 


tANV 
TANVAV 
tCWRL 
tCWRH 
tCWRGL 
tCWRGH 
'CWL 
tCWH 


NO 
O 


Address not valid to address valid 
Clock to WRDY LOW 

Clock to WRDY HIGH 

Clock to WREGCK LOW 

Clock to WREGCK HIGH 

Clock to W LOW 

Clock to W HIGH 


ns 


Se) ee 
oe) 

w 
o|n 


7,9 


to) 
oO 


ie 
o|©o 
Oo; 


7,9 


NO 
oi 


> 
< 
on 
—_ . 
oO 
w{|o}]— Rlalwloalalalala 
Rial SlS)| alain OLO(ALaAlI ala}; a|jo 


(o>) 
_ 
ne) 
io) 
—4 
ie) 
| 

n 


— 
on 
© 


tas Address valid to W LOW 7,9 

{wR Address not valid to W HIGH. [7 0 | ns 

twp W pulse width LOW at fo, x (max) 50** n 

: 

: 

Tannen [Adress rotigioRREGOKHIGH [| | 
recente Zion Pe 


tz _ Address bit Hi-Z to HIGH 


* foL«(max) = 12.5 MHz (Military). 
** foLK(max) = 20 MHz (Commercial). 
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Standard Test Load 
| vcc 
TEST POINT ycoc . RL 
| TEST POINT* — | 
7 $1 
OUTPUT OUTPUT © 
CL 
CL=30pF = = = 
RL = 600 0 | ons 
CL=5pF(THREE-STATE) / 
30 pF (NORMAL OPERATION) 
RL = 300 0 = 
- Load Circuit Load Ciruit 
for Bi-State Outputs . for Three-State Outputs 
(Control and Flag Outputs) (Address Outputs) 


3V 
ENABLE 
ov 
$1 AND 
$2 CLOSED 
DATA OUTPUT | S1 CLOSED 1.5V 
WAVEFORM 1 S2 OPEN 0.5V 
a can VoL 
t2H | 
DATA OUTPUT S1 OPEN 0.5V 
WAVEFORM 2 $2 CLOSED 1.5V 
Vv S1 AND 
be $2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is LOW except when disabled. 
Waveform 2 is for an output with internal conditions such that the output is HIGH except when disabled. 


Figure 15. Enable and Disable Timing 


Notes: A. Cj; includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N306A. 


C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled. by the output control. 


D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
E. All input pulses are supplied by generators having the following characteristics: PRR <= 1 MHz. Zot = 50 0 and ta < 2.5 ns te S 2.5 ns. 
F. When measuring propagation delay times of three-state outputs, switches S1 and S2 are closed. 
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67C470T 


Bidirectional 512x9 
FIFO (BIFIFO) 


Advance Information 


DISTINCTIVE CHARACTERISTICS PIN CONFIGURATION 
2-512x9 FIFO buffer, provides asynchronous 
bidirectional communication 


Programmable Almost-Full and Almost-Empty 
flags 


Byte detect mode 

No handshaking necessary 

Built in parity checker/generator 
Generates and detects framing bit 
Programmable Interrupt request 


Bypass mode — changes the BIFIFO to a BIFIFO 
transceiver 


Two mailboxes 


2-512x9 


28 PDIP 
(600 mil) 


BLOCK DIAGRAM 
C/D_A 
SELECTOR SELECTOR 
D0-7_A ~ateumenp Prac 9 DATA 
— Stime —— 

_ re | we RD FRAMING 
WA_A—__»] _ FRAMING ed ee ee AND PARITY 
=e GENERATOR/ GENERATOR/ 


CHECKER 


Veco -_—_—_—_—_———S 
GND ——» 8 
GND ———» DATA = 


IRQ_A REGISTERS 


CHECKER 


| see 
FIFO 


READ ADDRESS WRITE ADDRESS 


/ 


LOLVDZ9 


qoudIW p2dueApY 


) 


c/D_B 


SIIIAV 


Do-7_B 
PARITY 
RD_B 
WR_B 


Publication # Rev. Amendment 
A/D A /0 


10925 
issue Date: June 1988 
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Am2130/Am2140 


1024 x 8 Dual-Port Static Random-Access Memories 


DISTINCTIVE CHARACTERISTICS 


True dual port operation - 
Access time as fast as 55 ns 


Master device (Am2130) has on-chip arbitration 
Expandable data bus width in multiples of 8 bits using 
one master (Am2130) and required number of slave 
devices (Am2140) 


Automatic power-down feature . 
All inputs and outputs are TTL-compatible 
48-pin DIP or 52-pin LCC/PLCC © 

Single +5-volt power supply 

Advanced N-MOS technology — 


GENERAL DESCRIPTION 


The Am2130 and the Am2140 are members of the 1K x8 
dual-port static RAM family. The Am2130 is designated as 
the master and the Am2140 as the slave device. The 
master provides the necessary control signal to the slave 
devices to facilitate implementing a wider data bus in a 
system. The master/slave concept allows expansion with 
minimal external logic. | . 


_ Both devices have two independent ports called Left and 
’ Right port. Each port consists of an 8-bit bidirectional data 


bus and a 10-bit address input bus and necessary control 
signals. . 


The Am2130 has an on-board arbiter to resolve contention 
between the left and right ports. When contention between 
ports occurs, one port is given priority while the other port 
receives a busy indication. 


The Am2130 also contains on-chip facilities for supporting 


semaphores. Addresses (SFE) and (3FF)y serve as 


BLOCK 


R/W, 
cE, 


OF. 
Oo. 
YOr, 


interrupt generators. If any data is written at the address 
(S3FF)} from the left port, an interrupt signal becomes active 
for the right port. The interrupt signal is deactivated by 
reading from the right port at the same address. The 
address (3FE)y is used in a similar fashion by the right port 
to activate the interrupt signal for the left port. 


The Am2130/Am2140 also have two chip enable signals 
corresponding to the left and right ports. Before any 
transaction on a port takes place, the corresponding chip 
enable input must be activated. If a chip enable signal is not 
active, the circuitry corresponding to its side automatically 
powers down and enters standby mode. 


The Am2130/Am2140 are packaged in 48-pin DIPs or 52- 
pin chip carriers. All inputs and outputs are TTL-compatible 
and the devices operate from a single +5-volt power 


supply. 


DIAGRAM 


BUSTY,” 


BD005085 


Notes: 1. Am2130 (Master): BUSY is open-drain output and requires pull-up resistor. 


Am2140 (Slave): BUSY is an input. 
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Publication # Rev. Amendment 
05157 E /0 
_ Issue Date: July 1988 


par 


Ori cWV/OELcwy 


S2DIA2q OJDIW P2DUPADV 


COonronarand = 


‘CONNECTION DIAGRAMS 


CD005813 


CD009600 


* Same Pinouts apply for LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


R/W, 8, OE, 


I/O. has 1/0, 


1/Oon - 1/Oop, 


BUSY, 


LS002232 


Voc = +5-V Power Supply 
Vss = Ground 
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ORDERING INFORMATION 
Standard Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination). is 


formed by a combination of: a. Device Number | 
_ ' b. Speed Option (if applicable) 


c. Package Type 


_ d. Temperature Range 
e. Optional Processing | 


AM2130 -70 Pp C 


Am2130/Am2140 
1K x8 Dual-Port Static RAM 


[aweia0-70 | 
0 
2 


PC, PCB, DC, 
DCB, JC, JCB, LC, 
LCB 


AM2140-70 
AM2140-1 
AM2140-1 
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a. DEVICE NUMBER/DESCRIPTION 


. OPTIONAL PROCESSING 
Blank = Standard processing 
- B= Burn-in aes 


. TEMPERATURE RANGE ; 
C =Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 48-Pin Plastic DIP (PD 048) 
D = 48-Pin Sidebrazed Ceramic DIP (SD 048) 
J = 52-Pin Plastic Leaded Chip 
Carrier (PL 052) 
L = 52-Pin Ceramic Leadless Chip 
Carrier (CL 052) 


. SPEED OPTION 
-55 = 55 ns 
-70=70 ns 
-10= 100 ns 
~12 = 120 ns 


_ Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number . | 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM2130 -10 /B x tes 
a LEAD FINISH 


A= Hot Solder Dip 
C = Gold 


d. PACKAGE TYPE 
X = 48-Pin Sidebrazed Ceramic DIP 
(SD 028) 


c. DEVICE CLASS 
“fh B = Class B 


b. SPEED OPTION 
-70=70 ns 
-10= 100 ns 
-12 = 120 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2130/Am2140 
1K x8 Dual-Port Static RAM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 


Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


2-183 


PIN DESCRIPTION 


Am2130 
Ao. - Ao . ‘Left Port Address (Inputs) - CER Right Port Chip Enable (Input) _ 


These 10 inputs constitute the memory address for the left 
port. Ag is the least significant bit position and Ag is the 
most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is performed using (3FF)}, an interrupt 
signal is activated for the right port (see INTR pin 
description). 


If a read operation is performed using (3FE)}, the INTL 
signal will be deactivated (see INT. description). 


Aor-~Aorn_ Right Port Address (inputs) 

These 10 inputs constitute the memory address for the right 
port. Ag is the least significant bit position and Ag is the 
most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is performed using (3FE)}, an interrupt 
signal is activated for the left port (see INT. pin description). 


If a read operation is performed using (3FF)y, the INTR 
signal will be deactivated (see INTR description). 


BUSY, Left Port Busy Flag (Output; Open Drain) 
This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the right port is given priority. All left port 
signals must be held stable until a HIGH on this output is 
indicated. 


The BUSYL signal generation is a logical function of the left 
and right port address inputs and the CE, and CER inputs. 
The transient behavior of the BUSY, output is not assured 
while the inputs are changing. 


BUSYR Right Port Busy Flag (Output; Open Drain) 
This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the left port is given priority. All right port 
signals must be held stable until a HIGH on this output is 
indicated. 


The BUSYR signal generation is a logical function of the left 
and right port address inputs and the CE, and CER inputs. 
The transient behavior of the BUSYR output is not assured 
while the inputs are changing. 


CE. Left Port Chip Enable (Input) 

This input must be LOW before any transaction from the left 
port and remain LOW for the duration of the transaction. 
When this input goes HIGH, left port logic circuits enter 
standby power mode and remain in this mode as long as 
this input remains HIGH. It should be noted that powering 
down the left port to standby mode does not affect the INT, 
or INTR outputs. This input going HIGH also initializes the 
internal arbitration latch. It is recommended that CE, go 
HIGH after completing a transaction (see discussion on 
arbitration). 
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Operation of this input is identical to CE. except that the 
_ CER input controls. the right port. 


GND (Vss) Ground 
\/Oo_-'/07, ~Left Port Input/Output Bus 


(Input/Output; Three State) 

These eight lines constitute the data bus for the left port. Ifa 
read operation is performed using the left port, data from the 
location addressed by the left port address will be available 
on these lines. Similarly, to perform a write operation using 
the left port, data to be written into the memory must be 
presented on these lines. The drivers on the chip to drive 
these lines are enabled only when the CE, is LOW, OE, is 
LOW and R/W_, is HIGH. 


1/OoRn-!1/O7R Right Port Input/Output Bus 


(Input/Output; Three State) 
These eight lines constitute the data bus for the right port. If 
a read operation is performed using the right port, data from 
the location addressed by the right port address will be 
available on these lines. Similarly, to perform a write 
operation using the right port, data to be written into the 
memory must be presented on these lines. The drivers on 
the chip to drive these lines are enabled only when the CER 
is LOW, OER is LOW and R/Wr is HIGH. 


INT, Left Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper 
operation. If the right port performs any write operation 
using address (3FE)}, then this output goes LOW. It will 
remain LOW until the left port successfully completes any 
read operation using the address (3FE)}. It should be noted 
that powering down the ports has no effect on this output. 


INTR Right Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper 
operation. If the left port performs any write operation using 
address (3FF)}, then this output goes LOW. It will remain 
LOW until the right port successfully completes any read 
operation using the address (3FF)y. It should be noted that — 
powering down the ports has no effect on this output. 


OE, Output Enable Left 1/0 Port (input) 


When this input is HIGH, the left port 1/O bus lines are in | 
high impedance state. If this input is LOW and CE, is LOW © 
and R/W_ is HIGH, the left port drivers are enabled and 
data from the location addressed by the Ao, - Agi inputs 
will be available on the I/O bus lines of the left port. It may 
be of interest to note that the OE, input has no effect on the 
BUSY, or BUSYpR or INT, or INTR signals. Even though the _ 
left port 1/O port drivers are disabled when the R/W, input — 
goes LOW (write operation), it is recommended that the OE; 
signal be kept HIGH during write operations to the left port. 


OER Output Enable Right 1/0 Port (input) 
When this input is HIGH, the right port |/O bus lines are in 


high impedance state. If this input is LOW and CER is LOW | 


and R/WeR is HIGH, the right port drivers are enabled and 
data from the location addressed by the Agr — Agr inputs 
will be available on the I/O bus lines of the right port. It may 
be of interest to note that the OER input has no effect on the 

BUSY or BUSYp or INT, or INTR signals. Even though the 
a port 1/O port drivers are disabled when the R/Wr input 
goes LOW (write operation), it is recommended that the 
OER signal be kept HIGH during write operations to the right 
port. 


R/W_ Left Port Read/Write Enable (Input) 
This input is used to specify the left port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CE, is LOW and the OE, is LOW and the R/W_ is 
HIGH, data from the location addressed by the Ao, - Agi 
will be available on the I/O, -—i/O7, lines. As mentioned 
earlier, reading from the left port at the location sab 
disables the INT output. 


When the CE, is LOW and the R/W, goes LOW, data 
present on the I/Oo, — 1/07, lines will be written into the 
location addressed by the Ao, — Ag, inputs. It should be 
noted that the write operation is not affected by the OE, 
input. However, it is recommended that the OE, input be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address 
(FF) causes the INTR output to go LOW. 


Am2140 


The Am2140 is functionally very similar to the Am2130. The 
Am2140 differs from the Am2130 in two signals only — 
BUSY, and BUSYp. In the case of the Am2140 they are used 
as inputs and play a significant role in expanding the word 
width. 


BUSY, Left Port Busy Flag (Input) 
If this input is LOW, a write enable signal to the left side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 

is connected to the BUSY, output of the Am2130. 


R/Wr_ Right Port Read/Write Enable (Input) 


Vcc +5-Volt Power Supply 


BUSYR 


It should be noted that even though R/W_ is LOW, writing is 
internally inhibited if the right port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 


This input is used to specify the right port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CEr is LOW and the OER is LOW and the R/Wr” 
is HIGH, data from the location addressed by the Aor — Agr 
will be available on the |/Oor —!/O7R lines. As mentioned 
earlier, reading from the right port at the location (3FF)y 
disables the INTR output. 


When the CER is LOW and the R/Wr goes LOW, data 
present on the |/Oor - |/O7R lines will be written into the 
location addressed by the AoR—Agp inputs. It should be 
noted that the write operation is not affected by the OER 
input. However, it is recommended that the OER input be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address 
(3FE)} causes the INT, output to go LOW. 


It should be noted that even though R/Wr is LOW, writing is 
internally inhibited if the left port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 


Right Port Busy Flag (Output; Open Drain) 
If this input is LOW, a write enable signal to the right side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 
is connected to the BUSYR output of the Am2130. 
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FUNCTIONAL DESCRIPTION | 


As shown in the block diagram, the Am2130/Am2140 is a true 
1K x 8 dual-port RAM. It consists of a memory array with two 
sets of address decoders and associated logic. This arrange- 
ment allows the accessing of every word in the memory array 
from two independent sources. We call these sources left side 
and right side for convenience. Data accessed by the left-side 
address inputs appears on the left-side data lines of the array 
and is connected to the left-side 1/O pins through the 
associated three-state buffers. The enable control signal for 
these buffers is generated using the R/W., CEL and OE, 
inputs. If the I/O buffers are disabled on the chip, the I/O pins 
can be used as inputs. Data to be written from the left port is 
presented on these inputs. Writing into the memory array from 
the left side is controlied by the left write enable signal 
generated on the chip using the R/W, and CE, inputs. An 
identical arrangement exists for the right side also. In addition, 
there is on-chip arbitration logic to give priority to one port over 
the other in case of a contention, and interrupt flag logic. 


Contention Arbitration 


Two independent access facilities are provided in a dual-port 
memory to eliminate physical interference between signals. 
However, there are two significant possibilities of ‘'logical"' 
interference which are not tolerable: when one port is reading 
from a location while the other port is writing into the same 
location at the same time. In this case, data received by the 
reading port may not be predictable. Similarly, consider the 
situation when both ports write information into the same 
location simultaneously. The resultant data that finally ends up 
in the memory location may not be valid. These two situations 
are commonly called contention. The Am2130 has on-chip 
logic to detect contention and give priority to one port over the 
other. In a true dual-port RAM, simultaneous reading from both 
ports at the same address does not corrupt. the data. Hence, it 
can be construed that no contention occurs. However, for the 
sake of simplicity and compatibility with the industry standard 
practices, the Am2130 arbitration is based purely on ad- 
dresses. Hence, in the case of a simultaneous read from both 
ports at the same address, the arbitration logic will sense 
contention and give priority to one of the ports. The other port 
will receive a busy indication. 
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' Figure 1 is a conceptual logic diagram of contention arbitration | 
logic. It consists of two equality comparators. The left compar- 
_ ator compares the left port address inputs to the delayed 


Figure 1. Conceptual Arbitration Logic 


version of the right port address. Similarly, the right compara- 
tor compares the right-port address to the delayed version of 
the left port address. The output of the: comparators is 
connected to a latch formed by two cross-coupled NAND 
gates as shown in Figure 1. The chip enable signals,. CE, and 
CEp, are also inputs to this latch. as shown. The BUSY, and 
BUSYp outputs are generated by gating the latch output with 
the proper chip enable signal as shown. Also note. that the 
latch outputs are used internally for left and right write inhibit 
signals. For example, if the right side write inhibit signal in 
Figure 1 is LOW, writing into the memory does not occur even 
if the R/Wem input of the Am2130 is LOW. 


The operation of the arbitration circuit can now be explained. 
Assume that the left port address had been stable and CE, is 
LOW. Both Q and Q' outputs of the latch will be HIGH 
because the output of both comparators is LOW (addresses 
are different). So the BUSY output on both sides is HIGH. Now 
assume that the right address changes and becomes equal to 
the left address. The right address comparator output goes 
HIGH and the Q' output of the latch goes LOW. Eventually the 
output of the left comparator also goes HIGH, but because of 
the cross coupling of the Q' into the gate generating the Q 
output, Q output remains HIGH. As soon as the CER input 
goes LOW, BUSYR becomes LOW. Thus, the arbitrator gave 
priority to the left port by indicating a busy signal to the right 


port. Thus in this example, the left port is the winner and the 


right port is the loser in the contention for the memory. Sooner 
or later the left port will finish its transaction at the contended 
location and change the address or its chip enable will go 
HIGH. Thus when the contention is over the Q output of the 
latch will become HIGH and BUSYrR will go HIGH. A similar 
reasoning can be used to understand the operation of the left 
side. It should be clear then, in cases of contention, the arbiter 


will decide one port as the winner and the losing port must wait 


for the winner to complete the use of the memory. The winning 
port must indicate to the arbiter that it has completed its 
operation either by changing the address or making its chip 
enable input HIGH. Without such an indication, the arbiter will 
not remove the busy indication to the losing port. 


RIGHT 
COMPARATOR 


RIGHT WRITE 
INHIBIT 
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Read/Write Operations 


Performing read/write operations when there is no contention 
is relatively straightforward. The sequence of events for a read 
is listed below. The timing relationships between various 
signals can be found in later sections of this data sheet. 


1. Establish HIGH on the R/W and LOW on the CE input of 
the desired port. 


2. Establish the desired address on the desired port address 
lines. 


3. Make the OE input of the desired port LOW. 


4. The I/O lines of the selected port will contain the data after 


the access time has elapsed. 


5. Make the output enable and chip enable inputs HIGH to 
complete the read operation. 


Performing write operations when there is no contention is 


equally straightforward. The sequence of events for a write is 
listed below. The timing relationships between various signals 
can be found in later sections of this data sheet. 


1. Establish LOW on the CE input of the desired port. 


2. Establish the desired address on the desired port address 
lines. 


3. Establish the desired data on the |/O lines of the port. 


4. Make the R/W input of the port LOW and bring it HIGH 
after the specified amount of time. . 


5.Make the CE input HIGH to complete the operation. 


When a read or write operation is initiated by a port and 
contention from the other port occurs, the implications are 
very simple. The losing port will see its BUSY line go LOW. 
The port must wait until a HIGH is indicated on the BUSY line. 
Thus in this case of contention, the operation did not really 
start when the port initiated it. Instead, the operation actually 
started when the BUSY line went HIGH. See the timing 
diagram for details. 


Interrupts 


Each port has an associated output called interrupt. The 
interrupt outputs are activated and deactivated by the on-chip 
logic when read and write operations occur :with a particular 
address location. For example, if a write operation is per- 
formed by the left port with address (SFF)y, an on-chip latch is 
set. This latch drives the INTpR output LOW. The latch is 
cleared only when a read operation from the right port using 
the address (3FF)} takes place. Similarly, if a write operation 
from the right port using the address (S3FE)} occurs, a latch is 
set to drive the INT, output LOW. The INTL will go HIGH (latch 
is cleared) only after a read operation from the left port using 
the address (SFE)}y occurs. As mentioned before, powering 
down a port to standby mode does not affect these outputs. 


Depth Expansion Using Multiple Am2130s 


The Am2130 has an intrinsic storage capacity of 1K bytes. 
However, it is simple to expand the storage capacity by using 
multiple devices. Figure 2 is a conceptual diagram of a 2K byte 
dual port memory system using two Am2130 devices. The 
principle behind such expansion is obvious: all that needs to 
be done is to decode the most significant system address to 
generate the individual CE inputs for the Am2130s. For 


example in Figure 2, Ao is the most significant address bit. 
When this signal is LOW and CE input is LOW, the chip enable 
input of the upper Am2130 goes LOW. Thus, the first 1K 
locations are selected for transactions. On the other hand, if 
Ai0 is HIGH and CE is LOW, the chip enable input of the lower 
Am2130 goes LOW selecting the second 1K locations. As 
depicted in the figure, the address inputs of both Am2130 
devices are bussed together. Similarly, the 1/O signals are 
also bussed to create the overall data bus. Also note that the 
other control signals are connected between the two devices. 


In this example, we have not used the interrupt outputs. 
However, it should be noted that depth expansion using 
multiple devices does not change the operation of the 
interrupt outputs. The interrupt output of each device behaves 
as described before. Hence, the user must decide which 
interrupt output from which device will be used in his system. 


Width Expansion 


The intrinsic width of the data word of the Am2130 is eight 
bits. However, it is possible to realize wider data words 
(multiples of 8) by using multiple devices. The instinctive 
solution of taking the required number of the devices and 
assigning the data bits to individual devices is potentially 
unreliable. As we know, the Am2130 has arbitration logic on 
the chip, and hence is called the master. When several of 
these masters are present, device-to-device variations and 
other factors may cause one device to give priority to one port, 
while another device gives priority to the other port. In 
essence both ports are busy! This is an undesirable situation 
and should not be allowed in operation. The most elegant way 
to avoid the situation is to allow only one device to arbitrate 
the contention. It is recommended that when expanding the 
width of the data words, the Am2130 be used as the master 
and a number of Am2140s be used as slave devices. The 
Am2140 does not have the arbitration capability; instead it 
accepts the BUSY outputs generated by the Am2130 as 
inputs. 


Figure 3 is a conceptual diagram of a 16-bit system using one 
Am2130 and one Am2140. As can be seen, using master/ 
slave devices avoids external logic for expansion. For the sake 
of completeness of this discussion, it may be noted that it is 
indeed possible to expand the width using Am2130s only. 
However, external logic must be provided to prevent every 
device of the system from arbitrating. We want only one 
device to be the arbitrator. As explained in Figure 1, arbitration 
can be defeated by suitable control of the CE input of the 
Am2130. 


Figure 4 shows a conceptual diagram of a 16-bit system using 
two Am2130s. Device 1 in this figure behaves as the master. 
The external logic shown in the figure ensures that the CE 
input of Device 2 is HIGH if the corresponding BUSY output of 
Device 1 is LOW. Thus the arbitration logic of Device 2 is 
prevented from taking part in resolving contention. 


Simultaneous Width and Depth Expansion 


By combining the depth and width expansion schemes dis- 
cussed, it is possible to build systems with greater depth 
(multiples of 1K) and wider words (multiples of 8). Figure 5 
shows a conceptual diagram of a 2Kx16 system. The 
operation of this scheme is understood by suitably combining 
the explanation of Figure 2 and Figure 3 and hence is not 
repeated here. 
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Figure 3. Width Expansion with Master/Slave 
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Figure 5. Conceptual Diagram of a 2K x 16 System Using Master/Slave 
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TABLE 1. NON-CONTENTION READ/WRITE CONTROL 


| Left Port Inputs | Right Port Inputs Left Flags | Right Flags i 


R/WL Aot- Ao. [R/Wa| En _|OER| Aon- Aor |BUSY.| INT |BUSYA| INTR | 
A aa 
down mode 


Right port in power- 
down mode 
Data on left port 
written to memory 
location Ao. - AgL 
Data in memory 
location Ao_ - Ag. 
output on left port 
Data on right port 
written to memory 
location Aor - Agr 
Xx X Xx X L L X Xx X X |Data in memory 
_ location Aor - Agr 
; output on right port 
L L xX 3FF X X X X X L {Left port flags right 
port to read memory 
location 3FF 
Right port flags left 
port to read memory 
location 3FE 


TABLE 2. BUSY ARBITRATION OF ADDRESS CONTENTION 


Flags 
Left Port Right Port (Note 1) 


eee ee 
eS 


Match 
(LIV) . 


re [Tet por operation ony 


| =H Right-Port operation only 
is permitted. (Note 3) 


Match is permitted. (Note 4) 
Sn Bac a So 


TABLE 3. INTERRUPT FLAG 


Left Port | Right Port 


pW | CE | OF | AoA | INTL | A/Wa | Cen | OE | AorAon | INTR | 
ee ee ee ee 
[Cx f x | x ~~ | x | # | tt | oF | _H _[Reset Na 
Se a ne Re RO (a eC 
Wj oe ee | ek eT 


Key: H=HIGH 
L = LOW 
LIV = Last Input Valid; meets taps spec (Note 2) 
X=Don't Care — 
X1 = No Match, or 
Same port deselected, or 
Opposite port has priority 


Notes: 1. INT Flags = X . 
2. If LIV violates taps spec then one of the two ports receives priority, and the remaining port's BUSY Flag goes LOW. However, 
there is an extremely rare metastable event which can occur when the arbitration circuitry cannot determine which port was ''first'’ 


at the matching address. On this rare occurrence, both ports may momentarily receive BUSY = LOW signals until the metastable 
US 


state is resolved (usually within a few nanoseconds). Thereafter, one port's BUSY remains LOW while the other completes its 
operation and resumes normal operation. 
3. A Left-Port Read operation is also permitted if the Right-Port is also reading. 


4. A Right-Port Read operation is also permitted if the Left-Port is also reading. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..................ccceee ees -65 to +150°C 
Ambient Temperature . 
with Power Applied .................ceeeeeeees -55 to +125°C 
Supply Voltage 
with Respect to Ground ...................6. -0.5 to +7.0 V 
All Signal Voltages................ceeceeeeeee eens -3.5 to +7.0 V 


Power Dissipation ..............ccccceeesccceeceessceeeeeeeees 1.2 W 


Stresses above those listed under ABSOLUTE MAXIMUM — 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 


OPERATING RANGES 


Commercial (C) Devices (Note 8) 
Temperature (TA)..........:ccsscessecceeeseeeeeees 
Supply Voltage (VCC) .........ccesecceeeeees 


Military (M) Devices (Note 8)* 
Temperature (TA)..........cceccseeesceeeseces -55 to +125°C 
Supply Voltage (VCC) ........cceesseeeeeees +4.5 to +5.5 V - 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military product 100% tested at To = + 25°C, + 125°C, 
and —55°C. . 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Am2130/Am2140 
Parameter Parameter 
Symbol Description Test Conditions 


Li C t 
CE = Vin, Voc = Max., 
Output Leakage Current Vout = GND to Voc 
Bovecs | | 170 
| Power Supply Current pevies mA 
cc (Both Ports Active) M 
Devices 
Cc . 
Devices 
M mA 
Bovees | | 
Bovecs | | 10 
Devices 
CEL = Vit and CER = Vin or M mA 
Ee ee eel ed 


Voc = Max., CE = Vit 
Outputs Open 


Standby Current 
(Both Ports Standby) 


pe Standby Current 


Vcc = Min. to Max., 
CE, and CER = Vin 


Voc = Max., 
(One Port Standby) 


Input LOW Voltage 


Input LOW Voltage 

input HIGH Voltage fee ee eed 
Output LOW Voltage 
Open-Drain Output LOW Voltage 

Output HIGH Voltage cae . om 


ferem Te 
a ee ee 
(Note 7) 
be af 
CAPACITANCE (Note 9) | | - = 
Parameter | Parameter | 
Symbol Description Test Conditions 
[Court | Output Capacitance |S CCC™C~C—sSCSSCCCTCCC*‘iL'CC“‘(C*'L'SC}O CTC 
[Cnt | imputCapactance S| St ™t™~‘“—S;SCCCCCC#C(“(#NWCLCOC(‘éCT=C(w tS 


Notes: See notes following Switching Waveforms. 
ft Not included in Group A Tests. 
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SWITCHING CHARACTERISTICS over operating range. unless otherwise specified (for AP 
Group A, Subgroups 7, 8, 9, 10, 11 are tested unless otherwise noted) : 


L Products, 


Am2130/Am2140 


=m | = | nt 


Parameter . 


- | Parameter 


| 28 | taps | Arbitration Priority Setup Time 


Twins | WE to Inernpt Set Time Sd 

Tews | CE to Inerupt Set Time i 
Tins | Address to iterupt Set Time | 
toma | Output Enabio to interupt Reset Time | 
Pw ne 
Sires ea 


Test _ a | 

No.| Symbol i _ Description | Conditions Min. | Max.| Min. | Max.| Min, | Max.| Min. | Max. Units 
READ CYCLE (Note 10)... s—i<‘i‘<C; 72; }W*‘C;:S : | pe 
[4 [omc [Reade time ———SSSCdTSCSCSC™C~idC S| Cd | ~~ OCT Ose | 
2 | ta | Address Access time ——=SsSsSCdT~SSSSSC«dTSC‘dT 8 | | OY ‘| to | —*'|t20 | | 
[3 | tace | hip Enable Access Time S| ~SSSCSC~iTSC‘i; | | 70 | | too | —*'tt20| ns | 
[4 [ toe | Output Enable Access time S| S| ~SSd| | | 85 | | | | 0 | ns | 
FS | ton | Output Hold from Address Ghangs | =| 6 | | si] [s | |s | | rs 
6 | uzt | OutputlowzTime —=—s==SC«d Notes | s | [5s] |s{ [5s] | as | 
[7 [tt | Output High Z Time «Notes | 0 | 2 | 0 | | o | 4 | o | 40 | te | 
[8 | tut | Chip Enable to Power uptime | ote | o | [oj] {|o| |ol| | ms 
| 9 | tent | Chip Disable to Power Down Time | (Notes) {| ft as ts Tt co To ns 
| WRITE CYCLE (Note 10) a 7 

[oT wo | Wite Gee time———SSSSCSC~=~sSC‘“‘;SC*dr FC*~YL~OC*dSC | + 100] ~~ 0] dss | 
Dit | tw | Chip Enable to End of write —s«| —=SSSC«dT 8 | | 5 | | 90 | | 00 | on | 
P12 | taw | Address Valid to End of write | ———~—~«dt so | | | | 9 | | too] | as | 
P13 | ts | Address Soup Time S| SSCL | (| (O Po || ns | 
714 | twe | Write Pulse With rT a CP Of CP moO oT | os | 
| 15 | twa [| Write Recovery Time | CUT OT tl | Co ss | 
| 16 | tow __—i| Data Valid to End of write =| | | 8 | | 4 | ns | 
|17| ton | DataHold Time CUT Ts | 
| 18 | twzt | Write Enabled to Output in High Z | (Notes 5&9) |. 0 | 25 | o | 30 | o | 40 | o | 50 | ns 
| (Notes5 &9)/} 0 | | of fo} fof tts | 
P20 [tc [Read Cyietme —SSSSC~idSC“‘S Ci Ci CT OT [100] | 120] | re | 
Far | we | Wate Cycle Time ———SSCSC*~=<“‘irS~C‘CS*C*dT f#«|~Od| ~~ [too] «tot on | 
[22] tw | B0SVtowite «| = ote tm) «(5 | ~[-5| [-5| |-s|[ | | 
[as] wi | Write Hod ater BUSY =| = Noto 1) ~—| 20 | | 20 | 2 | | | | rs 
[24 tena t__| BUSY Access Time to Address «| ~—Wotes) | (| 45 | so [| 60 [ns | 
[25 | taoa t | BUSY Disable Time to Address (| _(otea) | | 40_ Peo [| 

[a[ ver [Sour [ome [fel fal fol fol w 

Chip Select 
wor [Egowmneemre [wee | fol fat fel fale 


Address to Interrupt Reset Time 


Chip Enable to Interrupt Reset Time 


Notes: See notes following Switching Waveforms. 
¢ Not included in Group A tests. 


SWITCHING TEST CIRCUITS 


+5V 


im 


TC002222 
Test Loads C and D 


TC002201 
Test Loads A and B 


[Test toad | CAP 
ee 
ee 


Notes: 1. Includes Scope and Jig Capacitance. 


SWITCHING TEST WAVEFORM 


AC Test Conditions 


Input Timing Reference 


Test Output Load See Test Output Loads Table 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE - 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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SWITCHING WAVEFORMS (Cont'd.) 


READ CYCLE 
(Either Side) 


OATA OUT DATA VALID 


WF009391 


Address Access 
(Notes 1 & 2) 


3 
ven oe 


owen 
‘ ( VALIO DATA 
> _\_3 

® 


WF009401 
GE and OE-Controlied Access 
(Notes 1 & 3) 
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SWITCHING WAVEFORMS (Cont'd.) 


WRITE CYCLE 
(Either Side — Note 4) 


ADORESS 


ALS ALLL 


(8) _- 


@-- 


“774 266" 


@Q—- 


HIGH IMPEDANCE 
OATA OUT 


WF009411 


OE-Controlied Data Out 


PLL DL IL SLL 


HIGH IMPEOANCE 
OATA OuT OATA UNOEFINEO 


WF009421 


WE-Controlled Data Out 
(OE = Vit) 
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SWITCHING WAVEFORMS (Cont'd:) 


BUSY FLAG TIMING (1 of 2) (Note 12) 
(Chip Enable: Arbitration) 


WF009433 


CER Valid Last 


WF009434 


CE, Valid Last 
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SWITCHING WAVEFORMS (Cont'd.) 


BUSY FLAG TIMING (2 of 2) 
(Address Arbitration) 


CER W\\\\ / 
We" 


ae — 
| ADORESSES MATCH x x e ADDRESSES 0O NOT MATCH 
IN LNZLN\ 
© 272 eas 
AOORESSES MATCH - AODRESSES 00 NOT MATCH 


5) 
26) 


WF009443 
ADDRR Valid Last 


me als 
[mms (XY XXX eon +) 


28) (20) OR (21) 


ADORESSES MATCH 


WF009444 
ADDR, Valid Last 


WF024680 


For Am2140 Only 


2-197 


2-198 


SWITCHING WAVEFORMS (Cont'd.) 


INTERRUPT TIMING (1 of 2) 
(Set INT Flag — Note 11) 


ee -—o— 
: . 


Gt) 


ITT LL 


WF009486 
Left Side Flags Right Side 


: Rises eae SFE a ADDRESSES DON'T CARE | 


= 
7 


@) 


5 mR /IIIIMIIIIHIILIIIIIIIZA 


WF009487 
Right Side Flags Left Side 


SWITCHING WAVEFORMS (Cont'd.) 


INTERRUPT TIMING (2 of 2) 
(Clear INT Flag) 


000000 00.001010100000100 

TTT 

ce NANA wish 

«x WIA TT 
ee ee 


33) 
ee 


INTL, 


Left Side Clears INTL 


SOO OSATALOYALOYALOYOCALALALOCALO‘AL0" 
» TTT 


cE ane 
FE) |] LITITZ 
PROS seas) 


INTa 


Right Side Clears INTR 
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Notes* 


1.R/W is HIGH for Read Cycles.. 

2. Device is continuously enabled, CE = Vj,, OE = VIL- | 

3. Addresses valid prior to or coincident with CE transition LOW. 

4.lf CE and R/W go HIGH simultaneously, the outputs remain in the high-impedance state. 

5. Output transition is measured at +500 mV from the low- or high- impedance voltage levels ueng, Load A. 

6. CE, = =CER= Vite 

7. The BUSY and INT outputs are open drain. A pull-up resistor is required for system operation. For measurement purposes, Load 
C is used for HIGH-to-LOW transitions; output reference level is 1.5 V. Load D is used for LOW-to-HIGH transitions; output 
reference level is +500 mV from the output LOW voltage level. 

8. For test and correlation purposes, temperature is defined as stabilized case temperature. 

9. This parameter is guaranteed by design but is not 100% tested. 

10. Except where indicated, I/O pins use Load B. 

11. For a given port to Set or Clear an Interrupt Flag, 1) that port must have priority if addresses match and both 
CE, = CER = LOW; or 2) Addresses do not match. 

12. If the last input valid transition, which would ordinarily cause a match, occurs at the same time that the opposite port address or 
CE changes to a no-match condition, then BUSY will remain HIGH (i.e., if there is never a match, then BUSY remains HIGH). 

13. For Slave Am2140 only. . 

14. For Master Am2130 only. 


* Notes listed correspond to reference made in the following sections: - Operating Ranges 
-~ DC Characteristics table 
~ Switching Characteristics table 
- Switching Waveforms 
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Am99C10 © 


256 x 48 Content Addressable Memory (CAM) 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Fast-compare time — 70 ns data to match output 
Maskable-bits and maskable-words 

Word-parallel search 

Multiple-match capabilities 


@ On-chip address decoder 

@ Time-multiplexed data input 

@ TTL-compatible inputs and outputs 
@ Low power dissipation via CMOS 


GENERAL DESCRIPTION 


The Am99C10 is a high-speed Content Addressable Mem- 
ory (CAM) with a capacity of 256 words of 48 bits each. The 
256 x 48 organization is ideal in Ethernet network applica- 
tions where it can function as an address filter and perform 
the network address look-up function in bridges. It can. also 
find use in database machines, temporary storage, decod- 
ing, and scratch pad memory applications. Unlike standard 
memories that associate data with an address, the CAM 
associates an address with data. The data (comparand) is 
presented to the CAM which performs simultaneous com- 
pare operations on all data (256 words). When the compa- 
rand and a word in the CAM are matched, the on-chip 


priority encoder generates a match word address identify- 
ing the location of the data in the CAM. If multiple matches 
occur, the encoder generates the lowest matched address. 


The Am99C10 features a 16-bit bidirectional data bus and 
three control signals: W, G and E. W controls the writing of 
the internal registers, latches, and the CAM. G controls the 
reading of the output data and status, while E controls the 
selection/deselection of the device. 


The Am99C10 CAM is manufactured with state-of-the-art 


CMOS processing techniques. It is assembled in a 28-pin, 


400-mil wide DIP. 


BLOCK DIAGRAM 


ACHHAVN 
DBMAnN—-OMD 


OZ>DYVEOO 
BMA®M—OMD 


Se Es 
REGISTER 


Amendment 


Publication # Rev. 
B /0 


08125 
issue Date: June. 1988 


CONTROL 


SEGMENT COUNTER Sp 
SEGMENT COUNTER S, 


<+4uz2mM 
gymouoozm 


BD006451 - 
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CONNECTION DIAGRAM 
Top. View 


08125B-001A. 


CD011420 


: Pin 1 is marked for orientation. 


PIN DESCRIPTION 


D/C Data/Command Mode Selection (Input, TTL, 
Active HIGH) 
A LOW on this input selects the command mode: A HIGH « on 
this input selects the data mode. 


W Write Enable (Input, TTL, Active LOW) 

This pin controls the writing of the internal registers and 
latches. New data may be written into a register by forcing 
the appropriate state of D/C, E and W. 


G Output Enable (input, TTL, Active LOW) 
This pin controls the reading of the output data and status 
' register. The status register can be accessed by forcing the 
appropriate state of D/C and pulling G LOW. Do - Djs is in 
the high- -impedance state when G is pulled HIGH. 


E Chip Enable (input, TTL, Active LOW) 


A LOW on this input.enables chip operations as specified by 


the state of D/C, 
~Do- Dis 


W, G and the command word. - 
Data Bus (Bidirectional, Three-State) 


The 16-bit bidirectional data bus performs data transfers. — 


The data bus is in a high-impedance state when Gis aint 
and/or E is HIGH. 


FUNCTIONAL DESCRIPTION 


The following functional description briefly describes the 
Am99C10 Block Diagram as well as the architecture of the 
device. 


Organized 256 x 48, the Am99C10 has an internal 16-bit 
bidirectional data bus, while the internal data bus is organized 
48 bits wide. The demultiplexer and Comparand Register 
assemble 48-bit wide data from the external 16-bit data. The 
Segment Counter controls the multiplexer/demultiplexer oper- 
ations. The Comparand Register is organized as three 16-bit 
registers. The source of data to the Comparand Register is 
selected from the CAM, Mask Register, or |1/O. The Segment 
Counter output is used to select a 16-bit field in the 48-bit bus. 
The Mask Register is 48 bits wide and is loaded from the 
Comparand Register by issuing a ''move'’ command. The 


_MTCH 


FULL Address Full (Output, TTL, Active LOW) 
A LOW on this output indicates that all the words in the 256 
address locations in CAM are used. A HIGH on this output 
indicates that certain locations are still available for storage 
or that the FULL output is disabled. The FULL output is in 
the logic HIGH state when E is HIGH. 


Match (Output, TTL, Active LOW) 

A LOW on this output indicates that the data present in the 
comparand register and word(s) already stored in the CAM 
are matched. A HIGH on this output indicates that a 
mismatch has taken place or the match output is disabled. 
The match output is in the logic HIGH state when E is HIGH. 


Vcc Power Supply (input) +5 V . 
Vss Power Supply (input) Ground 


command latch holds a 16-bit command word, Bowe 
global control of the Am99C10. 


The state information memory indicates the state of the 48-bit 
word in the CAM and is organized 256 words by 2 bits. Each 
48-bit word has a skip-bit and an empty-bit associated with it. 
The skip-bit enables/disables a word in the CAM in situations 
where there are multiple matches. The priority encoder 


generates the lowest match address when multiple matches 


occur. The skip-bit gives the user the ability to detect other 
matched addresses. The match address is accessed by 
reading the status register. The empty-bit indicates availabie 
or empty addresses in the CAM into which data can be written. 
If multiple empty addresses exist, the priority encoder gener- 
ates the lowest empty address. The empty address is ac- 
cessed by reading the status register. 


This document contains information on a product under development Advanced Micro Devices, Inc 
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The information is intended to help you to evaluate this product. AMD reserves the right to change or 


discontinue work on this proposed product without notice. 
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Military Specialty Memory © 


Whatever your military data buffering needs, Advanced Micro 
Devices has the right specialty memory device to fit your applica- 
tion. All of our military bipolar and CMOS First-in First-out (FIFO) 
memories are fully screened to MIL-STD-883. 


Bipolar Military FIFOs 


The 57401 and 57402 standard bipolar FIFOs feature 64 words 
by 4-bit and 64 words by 5-bit architectures. Words can be asyn- 
chronously loaded and unloaded from these FIFOs at 7 MHz. 
Standard FIFOs are offered in enhanced 10 MHz versions, the 
57401A and 57402A. Both standard and enhanced FIFOs are 
available as standalone and cascadable devices. Cascadable 
FIFOs are expandable in word width and depth. AMD’s bipolar 
process has been proven to be radiation-tolerant at neutron 
fluences up to 1x10'* neutrons/cm?. The process has also shown 
typical recovery times of 50 to 70 us from a 1 ps pulse at a dose 
rate of 2x10'° RADs (Si)/s. 


Low Power FIFOs 


For applications requiring a shift-in speed of 12 MHz with more 
modest power requirements, the military low-power standalone 
FIFOs are an ideal solution. The 57L401D, 57L402D, and 
57L4013D consume only 120 mA maximum and are available in 


64x4 and 64x5 configurations. The 57L4013 also features three-_. 


state outputs, which ease board testing and are excellent for 
applications where the FIFO is driving a bus. 


High Performance FIFO 


The 57413Ais AMD’s fastest military FIFO. It offers a full 25 MHz 
shift-in/shift-out rate, for performance-critical applications. Other 
features include three-state outputs and status flags. Two flags, 
Half-Empty and Almost Empty/Full alert the system when the 
FIFO is half full (82 words or more), almost empty (8 words or 
less), or almost full (56 or more words). 


CMOS FIFO Family 


AMD’s family of zero-power CMOS FIFOs will offer the ultimate 
in speed and low power. All five new devices are fully cascadable 
for easy expansion in word width and depth. They feature asyn- 
chronous shift-in/shift-out rates of 12 MHz with extremely low 
power consumption. When in standby (quiescent) mode, these 
devices consume only 550 p.watts of power. The active power 
dissipation is equally impressive. At maximum frequency 
(12MHz) military CMOS FIFOs require only 40 mA. 


The CMOS FIFOs employ a static RAM-based memory array 
which allows them to operate with an extremely short fall-through 
time. Designers with high speed requirements will not have to 
wait for the ripple-through delay associated with register-based 
FIFOs. In addition, AMD’s CMOS FIFOs offer fully-TTL compat- 
ible inputs and outputs. 


The 57C401 and 57C402 are organized like the standard 64x4 
and 64x5 FIFOs, but add enhanced speed and reduced power. 
These parts are designed for applications in systems where 
higher speed and zero power is a requirement. 


The 57C4013 and 57C4023 resemble the ’C401 and ’C402 but 
also offer three-state outputs. The ability to turn off the FIFO 
outputs is useful in testing and in on-board bus applications. 


The.57C4033 is a unique 64x5 device which offers status flags in 
addition'to three-state outputs. The two flags, Half-Empty and 
Almost Empty/Full operate inthe same manner as onthe 57413A. 


AMD will soon offer a line of high density CMOS FIFOs: the 
57C4500 (256x9), 57C4501 (512x9), and 5704502 (1Kx9) buffer 
memories. These devices feature static-RAM-based architec- 
tures specially tailored for applications requiring increased depth. 


- They feature a 50 ns access time and 20 mAstandby power. Our 


high density FIFOs are fabricated on AMD’s proprietary poly-load 
CMOS process. | 


Uses of FIFOs 


AMD’s military FIFOs are a simple, economical way of matching 
the instantaneous data rates of two digital systems. Examples 
are dual microprocessor systems where the FIFO keeps trans- 
mitting microprocessor “free” by storing the data for the second 
processor in advance. The first processor is able to load the data 
as a block and continue with other tasks, and the second can 
receive the data from the FIFO as itis required. Asimilar situation 
might occur in a display system where a general-purpose micro- 
processor sends data to a specialized graphics processor. 


In many aircraft, a central computer supervises several distrib- 
uted microprocessors which, in turn, control subsystems such as 
weapons, targeting, radar, and displays. The use of FIFOs as se- 
rial data buffers to these subsystem microprocessors allows the 
central processor to prepare and send data quickly, freeing it to 
move on to the next task. 
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FIFO IC Selector Guide (MIL) 


Low Density FIFOs 


Tech- Part 
— Number 


C57401 
57401 
C57401A 
57401A 
57L401D 
57L4013D 
C57402 
57402 
C57402A 
57402A 
57L402D 
570401-12 
5704013-12 
57C402-12 
5704023-12 
5704033-12 


OoOONNNDWDNWDWDWOWAWWWD 


ee) 


57413A 


High Density FIFOs 


Type 


op) 


DQAQIADADAANAVANAIHNAIANHHNHIADANWO 


qj 


~~ 


~~ 


16, 20 (LCC) 
16, 20 (LCC) 
16, 20 (LCC) 
16, 20 (LCC) 


TPO 

TPO 

TPO 

TPO 

TPO Low Power |,, = 12 MA 
TSO Low Power |,, = 12 MA 
TPO 

TPO 

TPO 

TPO 

TPO Low Power |,, = 12 MA 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based, 
Status Flags 

TSO, Status Flags 


Tech- Part 
nology Number Type 
C 57C4500-80 C TSO Access Time = 80 ns, Status Flags 
C 57C4500-65 C i TSO Access Time = 65 ns, Status Flags 
C 57C4500-50 C J TSO Access Time = 50 ns, Status Flags 
C 57C4500-40 C J TSO Access Time = 40 ns, Status Flags 
C 57C4501-80 C J TSO Access Time = 80 ns, Status Flags 
C 57C4501-65 C J TSO Access Time = 65 ns, Status Flags 
C 57C4501-50 C J TSO Access Time = 50 ns, Status Flags 
C 5704501 -40 C J TSO Access Time = 40 ns, Status Flags 
C 57C4502-80 C J TSO Access Time = 80 ns, Status Flags 
C 57C 4502-65 C J TSO Access Time = 65 ns, Status Flags 
C 57C4502-50 Cc J TSO Access Time = 50 ns, Status Flags 
C 57C4502-40 C J TSO Access Time = 40 ns, Status Flags 
Notes: 
Technology: PackageType: Features: 
B — Bipolar C — Cascadable N — Plastic TSO — Three State Output 
C —-CMOS S — Standalone J — Ceramic TPO — Totem Pole Output 
NL — PLCC 


L — Leadless Chip Carrier 
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Military Specialty Memory 


JAN 38510 and Standard Military 
Drawing Program 


AMD is an active participant in the JAN 38510 and Standard 


Military Drawing (SMD) Program. The idea behind the SMD 
Program is to standardize MIL-STD-883, Class B microcircuits 
where fully qualified JAN product is not available. The advantage 
to the user is that SMDs are a cost effective alternative to source 
control drawings and are offered as off-the-shelf stocking items 
by IC manufacturers participating in the program. 


Standard Military Drawings should always be considered to 
improve availability over source control drawings. It is standard 
practice at AMD to convert our 883, Class B processing to SMDs 


for all products which we are approved to supply. AMD then dual 
marks these devices with both the SMD number and the Generic 
Part Number. DESC approved products can then be procured to 
either part number as standard product through both OEM and 
Distributor channels. 


The following cross reference will allow you to determine the 
appropriate SMD and JAN Drawing for each FIFO device. AMD. 
will continue to work closely withe DESC, generating new draw- 
ings, which will provide a steady flow of advanced technology 
products to standardized specifications. 


MIL-M-38510 Slash Sheet Cross Reference for AMD Generic Part Number 


Ves low [iow ioe] | pm vee owe 
16L8A 16R8A | 16R6A | 16R4A a 16L8A-2 | 16R8A-2 | 16R8A-2 | 16R4A-2 
[sas [asa [amon fener fam) [| | | | 


Standard Military Drawing Generic Part Type Cross Reference 


5962-8779101EX 
5962-87791012X 
5962-87791 02VX 
- 5962-87791022X 
5962-8779103EX 
5962-87791032X 
5962-8779104VX 
§962-87791042X 
5962-8779105EX 
5962-87791052X 
5962-87791 06VX 
5962-87791062X 
5962-8779107EX 
5962-87791072X __ 
5962-87791 08VX 
5962-87791082X 
5962-87791 09EX 
5962-8779110VX 
5962-8779111EX 


STANDARD MILITARY GENERIC 
PART NUMBER PART NUMBER 


57401J/883B 
57401L/883B 
57402J/883B 
57402L/883B 
57401 Au/883B 
57401AL/883B 
57402A/883B 
57402AL/883B 
C57401J/883B 
C57401L/883B 
C57402J/883B 
C57402L/883B 
C57401AJ/883B 
C57401AL/883B 
C57402AJ/883B 
C57402AL/883B 
57401 Du/883B 
-57L402DJ/883B 
57L4013DJ/883B 


JAN REPLACEMENT 
NUMBER 3 
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MMi 
PACKAGE 


DESIGNATOR PACKAGE TYPE 


CERAMIC DIP 
CERAMIC FLATPACK 
CERAMIC LEADLESS CHIP CARRIER 


Product Introduction Procedures 


All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits in a 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri- 
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce- 
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 


Standard Processing Flows 


Monolithic Memories Processing and Screening flows are organ- 
ized to provide abroad selection of processing options, structured 
around the most commonly requested customer flows. 


Standard processing flows for the Military Products Division 
include: 


Monolithic Memories Inc. Modified Level S 
JAN 38510 Class B 

Military Drawing Program 

Mil-Std-883 Class B 

Monolithic Memories Inc. Mil-Temp Product 


In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 


Major benefits can be realized by ordering product to standard 
flows whenever possible: 


¢ Minimize need for source control drawings. 

* Cost savings on unit cost—no price adders for custom process- 
ing. 

¢ Improved lead time—no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 


For your reference, we have included our Modified Level S flow, 
our Mil-Std-883 Class B flow and our Mil- Temp Product flow. For 
your planning purposes, we have calculated typical throughput 
times for each operation, as product proceeds through the 
processing flow. 


It is the policy of Monolithic Memories, to always operate to the 
- most current revision of Mil-M-38510 and Mil-Std-883. 


MIL-SPEC 
LEAD FINISH 
DESIGNATOR 


STANDARD 
LEAD 
FINISH 


SOLDER DIP 
SOLDER DIP 
SOLDER DIP 


Manufacturing and Screening 
Locations 


JAN Products, Monolithic Memories Modified Level “S”, and 
customer orders which call for U.S.A. assembly, are manufac- 
tured in our DESC certified line in Sunnyvale, California. 


MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by Mono- 
lithic Memories Quality Department, as well as by many of our 
customers, to manufacture. MIL-STD-883 Class B product. 
Conformance to MIL-STD-883 requirements is routinely moni- 
tored through audits at the Penang facility as well as incoming 
inspections in Sunnyvale. Manufacturing capabilities for each 
Monolithic Memories facility are highlighted on the chart below. 


To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to. shipment. 
Products assembled in our stateside facility in Sunnyvale, Califor- 
nia, will have “USA” marked on the topside of the device. The 
exception to this is JAN 38510 product, which is marked to the 
MIL-M-38510 requirements only. 


Offshore built product, which is manufactured in Penang, Malay- 
sia, will have “Malaysia” or “Malay” marked on the bottom side of 
the device. 


Manufacturing Capabilities 


Assembly X 
Precap Inspection 
Environmental Testing 
Electrical Pre-Test 
Burn-in 

Post Burn—In Electricals 
Group A Testing 

Mark 

Factory Programming 
Qualification and Quality 
Conformance Testing 


MK KKK KK OX 


MK MK OK OK OK OK OK OX 
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Standard Military Flow Chart | 7 | : 
SCREENING | MODIFIED LEVEL Ss REQUIREMENT _ CLASS B REQUIREMENT 
 MIL-STD-883. MIL-STD-883 
‘METHOD 5004 METHOD 5004 
a a ee ee 
pe Typically offshore assembly 
Non-destruct | 2023(Sample) © LTPD =5 
bond pull | REJ = 0 
SS = 2 all wires 

Die shear/ 2019 (sample) SS =2 | 

Destruct bond pull | REJ = 0 
2010 cond. A (modified) | 100% 2010 cond. B 100% 

Constant acceleration 2001 test cond. D or E 100% 2001 test cond. D or E 100% 

| Y1 orientation only Y1 orientation only 
Seal B} Fine 1014 cond. Aor B 100% 
B) Gross cond. C 

Particle impact noise 2020 cond. A only 100% 

detection (PIND) 

Interim electrical | Pera plication device 100% 

parameters = ication | 

A = 25°C only 


X-Ray 2010 two views 100% 
X and Y axis only 


Interim electrical (1) Per applicable device 100% 
parameter specification 
A= 25°C only 


Per applicable device (1) 100% 
specification 


A= 25°C only 


100% 


Per applicable device 
specification 
A = 25°C only 


Per applicable device 100% 
specitication 
A= 25°C only 
(delta's when required) 


Post electrical 
parameters 


Per applicable device 
specitication - 


Delta calculations 
(when applicable) 


DC Parameters 
PDA = 5% or 1 device 
whichever is greater 


DC Parameters 

PDA = 5% or 1 device 
whichever is greater 
Functional Parameters 
PDA = 3% or 1 device 
whichever is greater 


Percent defect allowable 


(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices-AC parameters are tested on programmed sample. 
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Standard Military Flow Chart (Contd.) . 


| SCREENING MODIFIED LEVEL S REQUIREMENT CLASS B REQUIREMENT 
MIL-STD-883 MIL-STD-883 
METHOD 5004 METHOD 5004 

Final electrical Per Sar device | 100% Per applicable device 100% 

parameters (hot and specification specification 

cold extremes) 

Sal A) Fine. 1014 cond, Aor B 100% 

B) Gross cond C 
Group A lot 5005 Level S. (2) Per applicable 5005 Class B (2) Sample 
device specification every lot 


Group B inspection lot 5005 level S As required 5005 Class B Every 6 weeks 
Group C not applicable 5005 Class B Every 13 weeks 
Group D 5005 level S As required 5005 Class B Every 26 weeks 
Exrternal visual 2009 100% 2009 100% 


Generic data available 
in lieu of lot quality _ 
conformance inspection 


(1) Programming and verification are performed at 25°C only. | 
(2) Unprogrammable PAL Devices—AC parameters are tested on programmed sample. 
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Quality Programs 


The Military Product Division quality system conforms to the 


following Mil-Standards: 


Mil-M-38510, Appendix A, meee Assurance Program” 
Mil-Q-9858, “Quality Program Requirements” 
Mil-I-45208, “Inspection System Requirements” 


Monolithic Memories facilities in Sunnyvale are certified by the 
Defense Electronics Supply Center (DESC), to manufacture and 
qualify Schottky Bipolar PROMs and PAL circuits in accordance 
with Mil-M-38510 Class B. This certification was a result of a 
successful audit of our production and quality systems to the 
stringent requirements of Mil-M-38510. Monolithic Memories has 
also demonstrated compliance to the strict requirements of both 
controlled and captive lines connected with special Military pro- 
grams. 


Quality Assurance 


Following 100% screening, the Military Products Division 
samples all products processed in conformance to Mil-Std-883 
Class B, to the following LTPD levels: 


DC 25°C 
DC+125°C 
DC-55° 


Functional at 25°C © 

Functional at Temperature Extremes 
AC 25°C 

AC +125°C 

AC -55° 


OWN Oh OO 


The Military Products Division ensures outgoing product quality 
and integrity by performing inspection Lot Group A’s and B’s per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra- 
tion control system in accordance with Mil-Std-45662. 


For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-38510 slash sheet sample plans. 


Product Qualification/Quality 
Conformance Inspection (QCI) 


The Military Products Division has a quality conformance testing 
program in accordance with MIL-STD-883, Method 5005. Quality 
Conformance Testing provides necessary feedback and moni- 
tors several areas: | 


* Reliability of Product/Processes 

¢ Vendor Qualification for Raw Materials 

¢ Customer Quality Requirements 

¢ Maintain Product Qualification 

¢ Engineering Monitor on Products/Processes 
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Standard procedures for new product release specify that Mono- - 
lithic Memories’ Reliability Department, as a minimum, conduct 
qualification testing per Mil-Std-883, Method 5005. Once quaii- 
fied, each package type (from each assembly line) and device (by 
technology group as delineated in Mil-M-38510) are incorporated 
into Monolithic Memories Quality Conformance Inspection pro- 
gram which utilizes the requirements of MIL-M-38510. 


When military programs do not require that QCI databe run onthe 
specific lot shipped Monolithic Memories Quality Conformance 
program allows customers to obtain generic data on all product 
families manufactured by the Military Products Division. Generic 
Qualification Data enables customers to eliminate costly qualifi- 
cation and destruct unit charges, and also improves delivery time 
by a factor of eight to ten weeks. The following product data is 
available: 


Group B - Package Related Tests 


¢ QCl is performed every 6 weeks of manufacture on each 
package type. 

e Any device type in the same package type may be used 
regardless of the specific part number. 

¢ Purpose: To monitor assembly and device package integrity, 


Group C - Product/Process Related Tests 


* QClis performed every 13 weeks of manufacture, on 
representative devices from the same microcircuit group. 

¢ Life test data may be used to qualify similar technologies. 

¢ Purpose: To monitor the reliability of the process and the 
parametric performance for each product technology. 


Group D - In-Depth Package Related Tests 


QCIl is conducted every 26 weeks using devices which 
represent the same package construction and lead finish. 
Any device type in the same package type may be used 
regardless of the specific part number. 

Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 


Generic Data 


Monolithic Memories’ Generic Data Program is based on MIL-M- 
38510, which allows for shipments based on 26 weeks of cover- 
age for Group C Testing and 36 weeks of coverage for Group D 
Testing. 


Should circumstances arise where generic coverage to MIL-M- 
38510 is not possible, MMI reserves the right to ship product 
based on 52 weeks of generic Group C and/or D coverage per 
MIL-Std-883. 


Process Audits 


Process Audits are performed in accordance with Mil-M-38510, 
Appendix A, (self audits) by the Quality Assurance Department. 
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Customer Material Returns 


In order to better service our military customers who must return 
product to the factory, the Military Products Division has estab- 
lished its own customer material returns department. Our goals 
and policies are outlined below so you may know what to expect 
when returning product to M.P.D. 


Goals 


10 day turn-around to respond to a return. 


¢ Notification to the customer of any discrepancy relating to 
the return. 

¢ For returns which cannot be validated, a written notice of 
M.P.D.’s intent to return product will be sent to our customer. 

e Product returned to our customer will be accompanied by an 
explanation and/or parametric test data and serialized 
devices. 


Standard Policies 


Product which is returned specifically as electrical failures 
and is not accompanied by test data, will be tested at all 
three temperatures ( -55°C, 25°C, +125°C) 

If no failures found, the product will be returned to the 
customer. | 

A device count is done upon arrival of a return at Monolithic 
Memories. Credit will be given only for the number of 
devices received by the factory. 

Product returned by the Franchised Distributor for rescreen 
or stock rotation will be accepted only if proper traceability 
paperwork accompanies each lot of product 

All returns must be sent to 3625 Peterson Way, Santa Clara, 
CA 95051. ATTN: "MPD CMR DEPARTMENT" 


Information Checklist 


The following accompanying a material return will assist us in 
responding to your return in the shortest possible time. 


1. Double check accuracy of device counts. 

2. Identify rejects from good devices, when returned together. 

3. Supply as much detail as you can about the description of the 
electrical failure mode (i.e.: AC Fail, DC Fail, FCT Fail, or 
description of any test numbers used). 

4. Whenever possible, identify dissimilar failures or keep sepa- 
rate devices which fail different parameters by serializing 
failures. 

5. Enclose a copy of any data which you may have taken on the 
failed devices (i.e.: Forcing conditions, temperature tested, 
parameter and value, an address that failed). List what was 
expected vs. what was received. 

6. For programmability failures, please send programming 
masters or a truth table. Also please indicate whether single 
or multiple pulse programming was used and the equipment 
device was programmed on. 

7. What environmental testing was performed. 

8. Failure rates. 


Although our intent is that our customers will never have to use 
these guidelines, if a problem should arise, the Military Products 
Division will strive to disposition and respond to your material 
return as thoroughly and promptly as possible. 


Electrostatic Discharge Control 
Procedures 


The Military Products Division of Monolithic Memories fully 
employs static control procedures throughout its facilities in 
Penang, Malaysia and Sunnyvale, California. 


All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
static control such as wrist straps, antistatic smocks, grounded 
stainless steel tables, conductive mats and ion generators wher- 
ever necessary. 


All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 


In addition, MPD distributors must demonstrate that they meet the 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD’s Quality Assurance 
Department. 


An ESD identifier is marked on all products in front of the date 
code, and all shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that our customers receive only the highest quality prod- 
uct from the Military Products Division. 


Radiation Hardness Program 


1. Radiation Effects 


It has been stated that some level of radiation tolerance will be 
required in up to 50% of all military applications by 1990. Due to 
this increased concern over radiation effects on integrated cir- 
cuits, the Military Products Division has embarked on a program 
to determine what radiation dose rates our circuits will withstand. 


2. Neutron Irradiation 


We have successfully completed neutron radiation testing on our 
Bipolar processes in accordance with Mil-Std-883, Method 
1017.2. Eleven different device types, which currently represent 
all our Bipolar processes, were parametrically and functionally 
tested at 25°C before and after exposure to fluence levels of 
2x10"? N/cm?, 1x10'3 N/cm?, 4x10'9 N/cm?and 1x10" N/cm?. Input 
low current (IIL) is the primary measurement of permanent circuit 
degradation. The parametric failures (IIL > 250mA) seen oc- 
curred at relatively high fluence levels. Also, no major changes 
in ICC were noted for any circuit. 
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The following is a list of the device nese tested: 


53S1681 (2048x8 PROM) 7 

53RA1681A (2048x8 Registered PROM) 

53S3281 (4096x8 PROM) 

57401A (64x4 FIFO) 

PAL16R4A ‘(High Speed Programmable Array Logic) 

PAL16R4B (Very High Speed Programmable Array 
Logic) 

PAL16R4D (Oxide Isolated Ultra High Speed 
Programmable Array Logic) 

PAL20R4A (High Speed Programmable Array Logic) 

PAL20RA10 (Asynchronous Programmable Array 


Logic) 


All devices passed test limits at 1x10'* N/cm? level, with the 


53RA1681A, 5383281, and 57401A also passing the 4x10'? N/ 
cm? fluence level. In addition, the 57401A passed test limits at 
1x10'4 N/cm? level. 


3. Dose Rate Effects 


Dose rate data has been obtained on our junction isolated Bipolar 
processes. All recovered in 50 to 70 microseconds from a 1 
microsecond pulse of 2x10"° rads (Si) per second. 
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The products tested were: 


PAL14L8 PAL10L8 
PAL16L6 PAL12L6 
PAL20L10 PAL16L8 
PAL20X10 PAL16R8 
PAL20X8 PAL16R6 
PAL12H6 PAL16R4 
PAL14H4 


4. Future Radiation Testing 
Our future test plans include: 

¢ Total Dose | 

¢ Single Event Upset 


¢ Latch-up and Burn-out 


Monolithic Memories’ new Bipolar and CMOS processes will be 
radiation tested after production release. 


Detailed neutron and dose rate radiation datais available fromthe 
Military Products Division. 
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JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 


STANDARD MILITARY DRAWING NUMBERING SYSTEM 


81035 01 


DRAWING NUMBER FOR 
PRODUCT FAMILY 
81035 = Small 20 Pin PAL Devices 
81036 = Med. 20 Pin A, A-2 PAL Devices 
84129 = 24 Pin A, XA, A-2 PAL Devices 
85065 = Medium 20 Pin A-4 PAL Devices 
5962-85155 = Medium 20 Pin, B, B-2 and D PAL Devices 
*** 5962-86803 = 24 RA Pin PAL Devices 
*** 5962-86804 = Small 24 Pin PAL Devices 
*** 5962-87671 = 24 Pin B PAL Devices 


DEVICE TYPES 


*** SMDs Being Generated 


LEAD FINISH 
A = Hot Solder Dip 


X = Any Lead Finish 


PACKAGE TYPES 


K = 24 Lead 3/8" x 5/8" Cerpack 

L = 24 Lead 1/4" x 1 1/4" SKINNYDIP 
R = 20 Lead 1/4" x 1 1/16" DIP 

S = 20 Lead 1/4" x 1/2" Cerpack 

2 = 20 Terminal .350 x 350 LCC 

3 = 28 Terminal .450 x .450 LCC 


JAN PART NUMBERING SYSTEM 


JM 38510 / 503 01 BRA 


JAN DESIGNATOR 
Part cannot be marked with a 
“J" unless qualified and approved 
for listing on QPL. 


GENERAL PROCUREMENT 

REFERS TO DETAILED SPEC 
503 = Programmable Array Logic 
504 = Programmable Array Logic 
505 = Programmable Array Logic 


DEFINES DEVICE TYPES 


PART NUMBER INTERPRETATION: 


LEAD FINISH 
A = Hot Solder Dip 
X = Any Lead Finish 


PACKAGE TYPES 
R = 20-Lead 
1/4" x 1 1/16" DIP 
L = 24-Lead 
1/4" x 1 1/4" SKINNYDIP 
2 = 20-Terminal 
0.35 x 0.35 LCC 
3 = 28-Terminal 
0.450 x 0.450 LCC 


PROCESSING LEVEL 
Class B 


When ordering to JAN 38510 and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as "X". This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" is 
not a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 
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Military Standard FIFOs 64x4 64x5_ 
Cascadable & Standalone Memory 


C57401 C57401A C57402 C57402A 


57401 57401A 57402 57402A 

Features/Benefits Description 

« Choice of 7 or 10 MHz shift-out/shift-in rates The C/57401/1A and C57402/2A are “fall through” high-speed 
+ Choice of standalone or cascadable devices " First-In First-Out (FIFO) memories organized 64 words by 4 bits 
¢ Choice of 4-bit or 5-bit data width — | and 64 words by 5 bits respectively. FIFO word width and depth 
¢ TTL Inputs and outputs are expandable on cascadable devices. Standalone devices are 
« Cascadable devices readily expandable in the word and expandable in word width only. 


bit dimensions. — 
¢ Standalone devices expandable in the word dimension 
only 
Structured pinouts. Output pins directly opposite corre- 
sponding inputs pins 
Asynchronous operation 
¢ Dose rate (transient upset) junction-isolated bipolar 
process 2x10"° RADs (Si)/s recovery time of 50 to 
70 us fromatpspulse — 
Neutron fluence (permanent damage ): 1x10"? N/em? 


Ordering Information 


PACKAGE | 
PART NUMBER _ TYPE DESCRIPTION 


57401 16 re 7 MHz 64X4 FIFO 

J [ewanieop | 02 | Sadaone 
a? a 
57402 18 7 MHz 64X5 FIFO 


T | ewaniooe [32 ‘| Sandaone 
Brean ae Jo Miz 64X5 FIFO 


C57401 16 7 MHz 64X4 FIFO 
: L(20) | Leadless Chip Carrier Cascadable 
C57401A | 16. ae : = 10 MHz 64X4 FIFO 
| L(20) fe gM , és 
C57402 ee 7 MHz 64X5 FIFO 
L (20) Leadless Chip Carrier Cascadable 


cs7402h ee 10 MHz 64XS FIFO 


MIL-M-38510 |CASCADABLE/ 
CASE OUTLINE | STANDALONE 


10 MHz 64X4 FIFO 


L (20) Leadless Chip Carrier Cascadable 


505012 


~|. 10675A/1 
. May 1988 


C57401/A C57402/A 57401/A 57402/A 


Block Diagrams 


57401 
S7401A 
C57401 

CS7401A 


62 X 4 BIT 
REGISTER 


MASTER RESET 


57402 
57402A 
C57402 

C57402A 


62 X 5 BIT 
REGISTER 


505 127 


MASTER RESET 
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C57401/A C57402/A 


Pin Configuration 


505 129 
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NC vcc 
INPUT READY [2] 45] SHIFT OUT 
SHIFT IN [3 | 57401 14] OUTPUT READY 
Dols} Gs7404 iss 
DATA pifs| ¢87401A fialo1 aaa 
D2 [6 | 11} O 
D3 no} O3 
GND [8] | 19 | MASTER RESET 
ha] VCC 
SHIFT OUT 
16] OUTPUT READY 
00 
14] O14 
13] O2 } OUTPUTS 


110) MASTER RESET 


57401/A — 


INPUT SHIFT 
READY OUT 


NC NC VCC 


D3 GND MR O3 NC 


INPUT SHIFT 
READY OUT 


NC NC VCC 


D4GNDMR 04 NC 


57402/A. 


C57401/A C57402/A 57401/A 57402/A 


Absolute Maximum Ratings* 


SUPP IV VONAGG Vs rikes crac tunccha teccaesstateccoditescucwasate Cadi cues ka Dee eat ace oD dactates eat les toca caste aye ca eta eei tase peche -0.5Vto7V 
PAPSUL VON AGS acesebi ia bcatc cea a eccte tases eutihcendavae dewalt states esaale< co uaussviasiuctl se o'exvnteet aces uneuseigunn a sndunuseausade dusoacten oaeidinbiozapaaestaseeel -15Vto7V 
OM -STALS OUT UL VOI ACO esse cocci ceca ecxve sae secdccad sg sees wocde nn Cacacads aisebvan a dassaan oe dd nea sau SLAW a Ss adona ae eae —0.5Vto5.5V 
SIOlAGS TOMDOALUIG cure secsc eka c ceases ce ctecdes sesaues idoaececnaicanacesatanae wean tues aaa va badisecdassnekyeaiber cane ovate auhaseadaulsectooaveaseevcteazoeies —65°C to +150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 57401/2 


SE AAEM, SESE DS ESE ACR RE A a PDP PSS EE A PC POMEL De RE EEDA (SPEER NE SS TE AEE SES OE OL A ES LP (aE 


[Opratngteoarionpeaiwe | 
[sotinwrine—SSSCdYS 
[satintowine ——SSSSC~sSC“‘SSOOCSS 
[routdaaceup ——SSSCS~tCSC“‘ SSS 
[mputdaatoating —SSS*S 
c 
Co 
[Meserfestesi 


* Instant-On Case Temperature. 
*" tung IS measured on initial characterization lots only and is not directly tested in production. 


T, 

tou! 
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tsou" 


505013 


Switching Characteristics 57401/2 Over Operating Conditions 


SYMBOL 


a a ee ee 
Ce eI aa i, ee i ee 
Ce ne i ae ee 
Pe Data throughput or “fall through” ee eee 
in [MasterReeetoORLOW 
ce i ae a 55 


t See AC test and high speed application note. 
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C57401/A C57402/A 57401/A 57402/A 


Absolute Maximum Ratings* 


DUPPlY VORA SV sass esuiaas ccanastacacaanbncivayasiaiseastacsaadcnnsacusesadasuGiligaeuctaedculdiutina be adivnd afedvasevbudextondspsagusanveeedhscpumiakaceghcnasneeatena -0.5Vto7.V 
DTU VOM aos cca etic cece ea wien seisind dss Secu pu a css tsisd seco ued aati Seca bs canle vaatoc te ev eo scisc omaine be bau Sas acahcatca avavlewuaecounattarevoniciaestviae -15Vto7V 
Off-State OULDUL- VON AGG 2522525. 8 ic scsticccsscuchyeak castesssscestpadaasdansdeedectus sousuacevesasuyecesadeeevancia use eneseeenstsauauvescuesaentens aut ssenersaanecwens —0.5Vto5.5V 
StOlraAGe LEM OLA CS ag coiss eeeccscewsa bees cava les ehanyeseseenciiessleabs yuntagidensidediescsdaveoedencesceouaedetuiessae aisesetaesxdebvidecvauteeay uesreetiasae OOO IO 100° 
“Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. oo" 


Operating Conditions 57401A/2A 


. MILITARY 
SYMBOL | | PARAMETER ae 


Supply voltage 


Operating free-air temperature 


* Instant-On Case Temperature. 7 
** tug i$ Measured on initial characterization lots only and is not directly tested in production. 


Voc 
T, 
to’ 
ton 
teou! ; 
tsou 
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Switching Characteristics 57401A/2A Over Operating Conditions 


od MILITARY 
SYMBOL PARAMETER : MIN MAX UNIT 


nn 
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Ss |S. i 
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Cc Cc 
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Di wD 
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ry 
f 

tor" 
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oe) 
= 
= 
= 
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® 
9 
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< 
pe 
oO 
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ee 
Daatvowstouorvattoar SS 


Output Ready pulse HIGH 


t See AC Test and high speed application note. 
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C57401/A C57402/A 57401/A 57402/A 


Absolute Maximum Ratings* 


SOUPPIY VOMAGGs Vis aiscatetcis codecs cesauesoieas vadeileascovssnaasoabissvcndaaacimcpeeadsunnas¥ut caviensSasea tubiayasctudn susnaeseeastivancaduncesiaddiveseesheveoeveiaons -0.5Vto7V 
Input VOItAGE ........cccccccscssssssscsreseeees i iGia ies inva ssiaid nee imaise ees oe Sad aalzanGasa oe sata atisbaseen sada teaancaeeuos disindeud i Aecsckeauduveioeee ate ee -15Vto7V 
OMf-State Ut OUT VOM AG asses sche daze eds iaseseceupsceuch ss cahesaveata vecasincatsasducca stacaadabeses eas sesuategctsscuveadovessnsseabepsieeerautetseedtacasnesecsatee OLD V 10°5.5 V. 
DIOLAGS TOM) PO LAU IN esipcssiceta castes zeascabevecde cava catusaslee sn stuates uiitvsusluslvsaiced viaunatstiseueuaeiususdasdteaeaeinyanyniaetiialucnes she taveseasaetoneiae —65°C to +150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 


for extended periods of time may affect reliability. 
UNIT 
V 


Operating Conditions ¢57401/2 


MILITARY 
SYMBOL PARAMETER MIN MAX 


— 
on 


oe Input data hold time 1 
Pott Shift Out HIGH time 
Shift Out LOW time 


* Instant-On Case Temperature. 


*" tung IS Measured on initial characterization lots only and is not directly tested in production. 
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Switching Characteristics C57401/2 Over Operating Conditions 7 


a a 

ar oe Es 
es ER 
a Fe 
i ae ae 


QO); a 
oO; Oo 


t See AC test and high speed application note. 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 
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(C57401/A C57402/A 57401/A_ 57402/A 


Absolute Maximum Ratings 


SUPPIV:VORAQG 2 Non aisssS see Seed Seah aah ta Cas, ciiessialcvadvoneeva Hadieccesess Siiiehcsaiers S auuls sassocascnaneeaain atlas seseate -~0.5Vto7V 
Input voltage uu... cesses sasceicta euelectse daiusgub saya teu ee eee aeGeecee iwaeay calddsa cust duc sUewseaansucnuntecctiswaneeeuat see eae rccoeelalutlea hs caevatenuveveodea sues -15Vto7V 
Off-state Output VON age x.sc0i555 5s sece de vaea cis cavectsduvesan scedwsvusetscgucuudevcdaaccsvavcuevenatcucasbecctccee ssceuecaueleddu ues siuentobistarvoneessee sseeree 0.5 V to 5.5 V. 
SIOTAGS TOMPOLATULS -tcisiesscccutcgiesvestssssbuetensaiens avaweuansdan'arunscisuestesdaantetesueszasl duadseeascuetee iuvcbtcesbvdenduataessiednereeeicnscanss OO bs 10+ 190°C: 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 


for extended periods of time may affect reliability. . 
Operating Conditions ¢57401A/2A 
MILITARY 
PARAMETER | : MIN MAX UNIT 


Operating free-air temperature ae 


Y 


1 
{ | 
4 
4 


* Instant-On Case Temperature. | 
*" tuge is measured on initial characterization lots only and is not directly tested in production. 
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Switching Characteristics C57401A/2A Over Operating Conditions 


«4 | MILITARY 
SYMBOL PARAMETER MIN MAX | UNIT | 


= 
= 
[oupufoesypuenigh | = 


t See AC test and high speed application note. 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 
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Ss saaaseanepebahalcosansseiveaazensomnfobsooiaaaspinimnmsesssapeseny anaes euaineassaeansluaapinesanensiieesipaneeeesoaaimmahnmneneesnassainatiopeae santaasuistavecneasanasuoespnanesaseaabnasaizaneenessaaieanseanammens oeammesebouamummemesonbas aaaieneerseseeseauaoeeeneasioenesessnseoameneeer otseannscotecmmree nad anacameaeeiaiaeamisestameenhaanauesemmasineanamanens ciergach isan aeeapanteieamaaeteeeiameecenssedeasniensasaseiaienacaamadeatetnunaesocsenapenanaaesaeanovsamaseansataeadmines aveansgnanaiasaeaasinsingiaasampenseammanesnssnsnenuianassonenaeseapantoasemsanisiconaaneaasuanaaaonesmantareac) ' 


C57401/A C57402/A 57401/A 57402/A 


Test Load for All Devices 


5V 
560 Q 
TEST POINT * 
Input pulse 0 to 3 V. 
Input Rise and Fall Time (10%—90%). 1.1 KQ 30 pF 
5 ns minimum. 
Measurements made at 1.5 V. 
*The “TEST POINT’ is driven by the output under test, 505 133 


and observed by instrumentation. 


Electrical Characteristics Over Operating Conditions For all Devices 


D,-D., MR 
Low-level input current rs,so. 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
t These are absolute voltages with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment. Do not 
attempt to test these values without suitable equipment. — | 


MIN TYP MAX | UNIT 


0.8t 
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I | 
—- — 
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Vi 
Via 
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Vo L 
OH 
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3 a iS 


3 
rae 


Supply current Veo = MAX 


Inputs low, 


outputs open. 
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C57401/A C57402/A 


57401/A 57402/A 


Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Fig 8) to prepare 


the FIFO to accept data in the first location. When Input Ready - 
(IR) is HIGH the location is ready to accept data from the D, inputs. 


Data then present at the data inputs is entered into the first 
location when the Shift In (SI) is brought HIGH. ASI HIGH signal 
causes the IR to go LOW. Data remains at the first location until 
Sl is brought low. When SI is brought LOW and the FIFO is not 


full, IR will go HIGH, indicating that more room is available. 


Simultaneously, data will propagate to the second location and 
continue shifting until it reaches the output stage or a full location. 
The first word is present at the outputs before a Shift-Out is 
applied. Ifthe memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, acti- 
vated by an on-chip control. Thus data will stack up at the end of 
the device while empty locations will “bubble” to the front. t,, 
defines the time required for the first data to travel from input to 
the output of a previously empty device. 


Data Output 


Data is read from the O, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 


Life Test/Burn-In Circuits 


Complies with Mil-Std-883 Method 1005/1015, Condition D. 


57401 57402 
57401A 57402A 
C57401 C57402 

C57401A C57402A 


vcc 


505 134 


at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and O, remains as 
before (i.e. data does not change if FIFO is empty). Input Ready 
and Output Ready may also be used as status signals indicating 
that the FIFO is completely full (Input Ready stays LOW for at 
least t,,) or completely empty (Output Ready stays LOW for at 
least t : 


pt): | 
AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal-shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is crucial 
to correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitance and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 F directly between V,. and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift-In- 
Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading, i.e. rising 
edge of the Shift-In pulse is not recognized until Input-Ready is 
High. If Input-Ready is not high due to too high a frequency or 
FIFO being full or affected by Master Reset, the Shift-In activity 


will be ignored. This will affect the device from a functional: 


standpoint, and will also cause the “effective” timing of Input Data 
Time (t,,,) and the next activity of the Input Ready (t,,.) to be 
extended relative to Shift-In going High. This same type of 


problem is also related to t,,,,, t,,, and t,,,, as related to Shift-Out. 


T event = 120° © 

Veg = 5.25 + 0.25 V 

Square wave pulses on AO to A8 are: 

. 50% + 15% duty cycle 

. Logic “0” =—1 Vto 0.7 V 

. Logic “1” = 2.4 V to V., 

. Frequency of each address is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
e.g., AO = 100 kHz 

‘A1 = 50 kHz + 10% . 
A2 = 25 kHz + 10% 
An = 1/2 An—1 + 10%, etc. 


fond — 
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C57401/A C57402/A 57401/A 57402/A 


1/f in 


SHIFT IN 


INPUT READY 7 NAL 


INPUT DATA 
505 136 


SHIFT IN 


INPUT READY 


INPUT DATA 


ma (KKK KKK KKK 


G@) Input Ready HIGH indicates space Is available and a Shift-In pulse may be applied. 

@) Input Data Is loaded into the first word. 

@) Input Ready goes LOW indicating the first word Is full. 

@) The Data from the first word Is released for “fall-through” to second word. 3 
6A) The Data from the first word Is transferred to second word. The first word is now empty as indicated by input Ready HIGH. 

If the second word Is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 


505 137 
NOTE: Shift in pulses applied while input Ready is LOW will be ignored (See Figure 3). 
Figure 2. The Mechanism of Shifting Data Into the FIFO 
SHIFT OUT 
SHIFT IN / \ 
INPUT READY Oo ter 
VV VYV VV YY VV VV VV VV VV VV 4—— STABLE DATA ——+) VVYV VV VY 
weur DATA XXX XXMKKAKAA KARR STABLE DATA A) KKAXKA 
G) FIFO is initially full. 
@) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) Shift in is held HIGH. 
@) As soon as Input Ready becomes HIGH the Input Data Is loaded into the first word. 
6) The Data from the first word is released for “fall through” to second word. ote iss 


Figure 3. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 
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_C57401/A _ _©57402/A 57401/A 57402/A. 


tf out —— four 


SHIFT OUT tSoH tsoL 


@) TORH 


OUTPUT READY > 


OUTPUT DATA | A-DATA 


AXA | #08 XY 


@) The diagram assumes that at this time words 63, 62, 61 are loaded with A, B, C Data respectively. 
505 139 @) Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure 4. Output Timing 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


q) Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

(2) Shift Out goes HIGH causing the next step. 

@) Output Ready goes LOW. | 

@) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

6A) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

68) If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
505 140 NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored (Figure 7). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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C57401/A C57402/A 57401/A 57402/A 


SHIFT IN 


~ SHIFT OUT / 
—— tpr 
OUTPUT READY 


topH 


505 141 


G) FIFO initially empty. 


Figure 6. t,, and t,,,, Specification 


SHIFT OUT \ 


ON 2D TTT 
Oo 2 
ee CATA (XXKXKXKXKX 


qG) Word 63 is empty. 
(@) New data (A) arrives at the output (word 63). 
(3) Output Ready goes HIGH indicating the arrival of the new data. 
@) Since Shift Out is held HIGH, Output Ready goes immediately LOW. FE} 
oO As soon as Shift Out goes LOW the Output Data is subject to change BOS 25, 
as shown by the dashed line on Output Ready. 


OUTPUT READY 


Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 


turw 


MASTER RESET 


INPUT READY 


OUTPUT READY 


; tMRS : 
SHIFT IN 


(1) FIFO initially full. 


505 143 


Figure 8. Master Reset Timing 
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C57401/A - C57402/A 57401/A 57402/A 


INPUT READY INPUT READY 
SHIFT IN SHIFT IN 
DATA nf Jona OUT 
505 144 - MASTER RESET o 


Figure 9. Cascading FIFOs to Form 128X4 FIFO with C57401/A 


Cascadable FIFOs can be easily cascaded to any desired length. The handshaking and associated timing between the FIFOs are 
handled by the FIFOs themselves. 


SHIFT OUT 
COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 
READY 
SHIFT IN’ 
505 145 MASTER RESET 


Figure 10. 192X12 FIFO with C57401/A 


Cascadable FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate 
composite Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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Military Low Power FIFOs 
64x4 64x5 Memory 


12 MHz (Standalone) 
57L401D 57L402D 57L4013D 


Conforms to Mil-Std-883, Class B 


Features/Benefits Description 
¢ High-speed 12 MHz shift-in/shift-out data rates 
« Low power consumption The 57L401D/2D and 574013D are “fall-through” high-speed 
¢ Choice of 4-bit or 5-bit data width First-In First-Out (FIFO) memories organized 64 words by 4 bits 
¢ TTL inputs and outputs and 64 words by 5 bits. These FIFOs are expandable in word 
¢ Readily expandable in word width ics width. The FIFOs are attractive for many applications such as 
¢ Structured pinouts. Outputs pins directly opposite cor- disk controllers, communication buffers, rate buffers, etc. They 
responding input pins feature high-drive (1,, = 12 mA) outputs. The 57L4013D features 
¢ High-drive capability three-state outputs. 
¢ Asynchronous operation 
¢ Dose rate (transient upset) junction-isolated bipolar . . 
process 2x10'° RADs (Si)/s recovery time of 50 to Ordering Information 
70 ps from a 1 ps pulse 57L 4013 J /883B 
¢ Neutron fluence (permanent damage): 1x10" N/cm? 
TEMPERATURE CODE PROCESSING 
Block Di 57 = -55 °C TO 125 °C /883B = MIL-STD-83, Rev C 
LOW POWER ass 
eo ‘agrem FIFO FAMILY | 
PART NUMBER PACKAGE 
J =Ceramic Dip 
"6 OO 505 166 | 
O ms 
D1 | 
- OUTPUT TYPE 
oie Blank = Totem Pole 
D3 - 3= Three State 
(D4)* 
INPUT 
READY 
SHIFT IN 
MASTER 
RESET 
*57L402D 
§05 167 
Device Pinouts | 
57L401D 57L4013D 
Ne [1] Nc [1 16} VCC 
NPUT 
READY READY Sur) Oe 
SHIFT IN SHIFT IN SEABY. 
Do DO 13] OO 
pata} 7" ms 12] 01 | output 
IN| D2 DATA} pe A] 02 | DATA 
D3 D3 10] 03 
MASTER 
GND D4 i RESET 
505 168 GND 


May 1988 
3-27 


57L401D a. 57L402D _— 


57L4013D _ 


Absolute Maximum Ratings* 


SUPP VONAQG Vasc: cocssvenese sated east uae ssunscatintada ves ciuewscesesasgaspbues ice Gers (oes eaateceadbsbuduuesteintes en ree eee Mee —0.5 V to7V 


Input Voltage raNge ........cccsccscsssscsssscscssscssscesssessesesecesscessvesesessassvacstaseeees Bo eigen tetera see ast ona ct hic aaah Suen -1.5Vto7V 
ORF StaLS OUIO UL VON AGG i cssie2 saa gncecyss tase sa stavanceetdeal ustsasavasucesuch voveclcs tees cus teddeucsauadestursseseaieasacasaaeetenueeakt sti 0.5 Vito to 5.5 V 
Storage temperature ..0...6:.ccuiecsosssocesesescestscasasessenssessecsnressancoseunsssuceencossseres addassteibiaoniderdecbisiidendasvessainsteicsevcmre OOo C104 150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 


mec. | PARAMETER ——~=~=~*~*~*«~;CS*ér S| ON 
x [Sumpyvotge i 
rut |sitinicnine ——SSCS~—~—iSSCS SC 
Shift in LOW time | 
1 
| 1 
1 | 
4 


Input data setup to SI (Shift In) | a ae 
Input data hold time to SI (Shift In) ee ae 


Input data setup to IR (Input Ready) 
Input data hold time to IR (Input Ready) 


Tt 
ten 
iN 


ret Shift out rate : 


Shift out HIGH time 


Shift out LOW time | a ae 
M ee al 


-_> 
~~} 


f] 


te) 


=x 


t 


* These are absolute voltages with respect to the ground pin on the device 

and include all overshoots due to system and/or tester noise. 

Do not attempt to test these values without suitable equipment. . 
** If the FIFO is not full (IR HIGH) MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
**" tugs I$ Measured on initial characterization lots only and is not directly tested in production. 
t See AC test and high-speed application note. 
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57L401D 57L402D 57L4013D 


Electrical Characteristics Over Operating Conditions 


Vor Low-level output voltage ene Veo = MIN 
V Voc = MIN 


> 


- 
2) 
H 
_ 
Nn 
3 
> 
ho 
ES 


dr 
° 


OH 
t 


Stee | Supply current Veo = MAX All inputs low. All outputs open. 


t Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


+ 

on 

o) 
> 


3 


. =a = 
2] | 2] < |< (abe 


Standard Test Load* Three State Test Load* 
5V Veco Fy 
Ri TEST POINT : R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10% — 90%) = 2.5 ns 
Measurements made at 1.5 V 


505 107 ¢ $2 


“Equivalent test loads may be used for automatic testing. 
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_57L401D — 57L402D | 57L4013D 


Switching Characteristics Over Operating Conditions 
SYMBOL | PARAMETER © | 


Shift In T to Input Ready LOW 


Shift In | to Input Ready HIGH 


=e 
Eadie 

eo 
Tier [ston Coup Rena 
jon 
a 


Output Data Hold (previous word) 
Output Data Shift (next word) 
Data throughput 


Input ready pulse HIGH 
Output ready pulse HIGH ; 
Output ready T to Data Valid. 


Output disable delay (57L4013D only) 
Output Enable Delay (57L4013D only) 


t See AC test and high-speed application note. 
* If the FIFO is not full (IR HIGH), MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
** Actual test limits may be different to compensate for ATE. 505029 


OUTPUT ENABLE 


WAVEFORM 1 


$1 CLOSED i5V 
$2 OPEN Voy+ 0.5 V 
tpzH bes 
VoH 
WAVEFORM 2 $1 OPEN VoH- 0.5 V 


$2 CLOSED 


$i AND 
S2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high 


a when disabled by the output control. 
505 171 


Fisiire A. Enable and Disable (57L4013D Only) 
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Military Case Outlines 


CONFORMS TO 
PACKAGE OUTLINE MIL-M-38510 
LETTER APPENDIX C 
_ ~ CASE 


Burn-in Circuitry 
Dynamic Burn-in 
57L401D | 57L4013D 57L402D 


3 
4 
eo 
6 
7 
8 


3 
4 
5 
6 
7 
a 
9 
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Toa = 125°C 

Veg = 5-25 + 0.25 V 

Square wave pulses on AO to A8 are: 

1. 50% + 15% duty cycle 

2. Logic “0” =—1 Vto 0.7 V 

3. Logic “1” = 2.4 V to V,, 

4. Frequency of each address is to be one-half of each 
preceding input, with AO beginning at 100 KHZ. | 
e.g. AO = 100 kHz 

Ai = 50 kHz + 10% 
A2 = 25 kHz + 10% 
An = 1/2 An—1 + 10%, ete.. 
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57L401D.._ 


57L402D | 


57L4013D. 


Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Figure 8) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 


Input Ready (IR) is HIGH the first location is ready to accept data © 


from the D_ inputs. Data then present at the data inputs is entered 
into the first location when the Shift-In (SI) is brought HIGH. An 
SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 
while empty locations will “bubble” to the front. t,, defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When Sl is brought LOW and the FIFO 
is not full, IR will go HIGH, indicating more room is available. Ifthe 
memory is full, IR will remain LOW. The FIFO should always be 
cleared by using master reset. | 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage, OR goes HIGH. If the FIFO is See, OR stays 
LOW and Data output will not be valid. | 


_ VFj 


SHIFT IN tsIH— ——tsIL 


Input Ready and Output Ready may also be used as status sig- 
nals indicating that the FIFO is completely full (Input Ready stays 
LOW for at least” t.,) or completely empty (Output Ready stays 
LOW for at least t,, ). 


AC Test and High- Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 


exceeds 20 MHz operation. Device grounding and decoupling is 
. Crucial to correct operation as the FIFO will respond to very small 
glitches due to long reflective linés, high capacitances and/or 


poor supply decoupling and grounding. We recommend a mono- 
lithic ceramic capacitor 0.1 wF directly between Vand GND with 
very short lead length. In addition, care must be exercised in how 
the timing is set up and how the parameters are measured. For 
example, since an AND gate function is associated with both the 
Shift-In-Input-Ready combination, as well as the Shift-Out-Out- 
put-Ready combination, timing measurements may be mislead- 
ing, i.e., rising edge of the Shift-In pulse is not recognized until 
Input Ready is HIGH. If Input Ready is not high due to (a) too high 
afrequency, or (b) FIFO being full or effected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device from a 
functional standpoint, and will also cause the “effective” timing of 
Input Data Hold time (T,,,,) and the next activity of Input Ready 
(T,,,) to be extended relative to Shift-In going HIGH. This same 
type of situation occurs with T,,, and T,,,, as related to Shift-Out. 
For high-speed applications, proper grounding technique is 
essential. 


VIN 


505 174 


Figure 1. Input Timing 
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57L401D 57L402D 57L4013D 


oN 


SHIFT IN 


INPUT READY 


INPUT DATA 


(— srnaizonr—X XXXXXRKXX RRA KANANY 


XY 


@ Input Ready HIGH Indicates space is available and a Shift-in pulse may be applied. 
@® input Data is loaded into the first word. The Data from the first word Is released for "fall through” to second word. 


® Input Ready goes LOW indicating the first word is full. 
@ Shift-in going LOW allows input Ready to sense the status of the first word. The first word is now empty as indicated by input Ready HIGH. 


® if the second word is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 
505 154 Note: Shift-in pulses applied while input Ready Is LOW will be ignored (See Figure 3). 


Figure 2. The Mechanism of Shifting Data Into the FIFO 


® 
BON 


SHIET OUT 
Re tore errr rrr AES 
SHIFT IN 
INPUT READY tpy ee OS tipy 


trips TRIDH 


weur pata KX XARA AAA STABLE DATA ——HA XXX 


Gd) FIFO is initially full. 
Q) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) Shift in is held HIGH. : 
505 175 @) As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


Figure 3. Data Is Shifted in Whenever Shift In and Input Ready Are Both HIGH 


SHIFT OUT 
OUTPUT READY 


OUTPUT DATA 


@) The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
505 176 @) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO ar both high together. 


Figure 4. Output Timing 
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(57L401D ~~ ~——s57L402D.————s«CSSS7LG013D 


SHIFT OUT 


OUTPUT READY _ 


OUTPUT DATA DATA (XK KK  — BDATA 


@) Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@ Shift-Out goes HIGH causing the contents of word 62 (B-DATA) to be released for fall through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
©) Output Ready goes LOW. 
@® Shift-out goes LOW causing Output heuay to go HIGH and new data (B) to appear at the data caine. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 505 177 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


SHIFT IN 


SHIFT OUT Q 
OUTPUT READY LP 


@ FIFO is initially empty | a _— .  o | 505 178 
@) shiftOutheldHIGH. > ar ae | 


Figure 6. t,,andt 


opn SPeCification 


SHIFT OUT 


cUTPUT REA LLL 
cure oat EE CD (00000000000 


(1) Word 63 is empty. | 
@ Output Ready goes HIGH indicating arrival of the new data. 
® New data (A) arrives at the outputs (word 63). 
@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. | 
@© As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW 
depending on whether there are any additional upstream words in the FIFO. | a 4 505 .179 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 
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MASTER RESET 
'mRw 
INPUT READY 
\p _ — tMRIRH 

OUTPUT READY 

'MRORL = wg 
SHIFT IN 
DATA OUTPUTS 

tMRO—> | 
505 180 Q) FIFO is Initially full. 


Figure 8. Master Reset Timing 
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Military First-In First-Out (FIFO) 


64x5 Memory 


25 MHz (Standalone) 57413A 


Conforms to Mil-Std-883, Class B 


Features/Benefits 


High-speed 25 MHz shift-in/shift-out rates 
High-drive capability 

Three-state outputs 

Half-Full and Almost-Full/Empty status flags 
Structured pinouts, Output pins directly opposite 
corresponding Input pins 

Asynchronous operation 

TTL-compatible Inputs and Outputs 

Dose rate (transient upset) junction-isolated bipolar 
process 2x10°° RADs (Si)/s recovery time of 50 to 
70 ps from 1 ps pulse 

Neutron fluence (permanent damage): 1x10"? N/cm2 


Ordering Information 


57413 A J /883B 


TEMPERATURE CODE 


7 , PROCESSING 
57 =-55 °C TO 125 °C /883B = MIL-STD-883, 
PART NUMBER Class B 
sates PACKAGE _ 
A= Enhanced y= Cerenit Dip 


505 146 


Block Diagram 


INPUT READY. 
SHIFT IN 


Description 


The 57413A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at a 25 MHz input/output rate. The data 
is loaded and emptied on a first-in-first-out basis. It is a three- 
state device with high-drive (I,, = 12 mA) data outputs. This 
device can be connected in parallel to give FIFOs of any word 
length. It has a Half-Full flag (thirty-two or more words full) and 
an almost full/empty flag (fifty-six or more words or eight or less 
words). The main applications of the 57413A are rate buffers; 
sourcing and absorbing data at different rates. Other applications 
are high-speed tape and disk controllers, data communications 
systems and plotter control systems. 


Pin Configuration 


OE [1] 20] VCC 
HALF FULL | 2 | 19] ALMOST FULLIEMPTY 
INPUT READY [3 | 18] SHIFT OUT 


SHIFT IN OUTPUT READY 
Do 16] OO 
D1 15] O14 
WUE 4 be oa | Uru 
D3 13] 03 
D4 12] 04 
GND 11} MASTER RESET 505 147 


64x5 
REGISTER 


it 


REGISTER = 


ALMOST FULL/ 
EMPTY 
505 148 
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Absolute Maximum Ratings* 


SUI Y: VOM AGG Vw cere sess th saute tecsvec eva vouc smiled erst aust savei despavade dei beast tec yetiletadbul 2’ avgadelcedetuabaed ecco tay eduneaiteeida a ycinasetiened —0.5Vto7V 
TADUL: VON OTAGO esiscncsiste tics eines diciicadecacceeetessececenasn ss aesvesvaauueks sascauedsoucedeustoucwad soaieedunusadsdisiusaven aduobeauweaavaasucvasWeuseteaweenad -15Vto7V 
Off-State OUTPUT VOI AGS oc sesccdeaicscmacesagisiuesaviccbdeceecacaveas had yuaumcencuseue ue ces eshasasetucseaesvensduaet caus tauasdaneusaceehbaselunetdudeneaseveats —0.5 Vto to5.5V 
SIOLAGS TOMS L MS sas dso secede aap se castit ats che cucdar a ialodeeatsareat au pacei oe uated case uvsuuetcorsSuanaa peaeagccesstcchasnanscusauanatanav eda veatie: —65°C to +150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 


for extended periods of time may affect reliability. 


Operating Conditions 


SYMBOL PARAMETER 


FAS 
oi 
on 
on 


: Pp ° 
: IN 3 


Supply voltage 
Shift in HIGH time 


te Mesos 
t 
Shift in LOW time 
tee il Input data setup time 
Input data hold time 
t Shift out HIGH time 
t 


Shift out LOW time 


Stew | Master Reset pulse 


Master Reset to SI 


w 
on 
foe) 


Low level input voltage 


Mat | High level input voltage 
Operating free-air temperature 


Voce 
t 
SIH 
Tt 
t 
SOH 
SOL 
* 
Vi 
* 
Vin 


—_A, 


Operating instant-on case temperature 25 


* 


These are absolute voltages with respect to the GND (Pin 10) and includes all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

** tung i$ Measured on initial characterization lots only and is not directly tested in production. 

tSee AC test and high speed application note. 


§05022 
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Conforms to MIL-STD-883; Group A, Subgroups 1,2, &3. 
Electrical Characteristics Over Operating Conditions 


SYMBOL PARAMETER © TEST CONDITIONS 


A VaR RRR etre SAPP SPP PP lenny etsy o penpals lvoe erey enrages? ee Pangea lSienipensthat-roreaatinaail tyes ecteati vanes qetnvusresisacaieerah Seteehatewsssreteantins 


| V, = 0.45 \\ 
V.=24V 
V.=5.5V | 


I, (Data outputs) — 
I, (IR, OR) 
I, (Flag outputs) 
|, (Data outputs) 
1, (IR, OR) 
Ly (Flag outputs) 
V,=0V 


* Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. 
** See curve for I. vs. temp. , | . 
t Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating 

at frequencies above 25 MHz. | . 


505023 


Switching Characteristics Over Operating Conditions — Conforms to MIL-STD-883; Group A, Subgroups 9, 10, 11. 


SYMBOL PARAMETER 


[sotinrwe 
7 
, 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t See AC test and high-speed application note. | 505024 


eS) 
QO 


oi 


oO 
Nm 
on 


Tt 
tAL 
T 
IRH 
OUT 
t 
RL 
Tt 
RH 
t 
DH 


t 
t 
f 
ty 
t 
t 


~J 
ol 
oO 


ih 
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Switching Characteristics Over Operating Conditions (Cont.) | 


a ee: (ne Se ee 
| top | Output ready THIGHIoDatavaid | | 
| to’ _|ShitoutarenigH | Ls 
tg’ _|Shitintioaretow | 50s 
| ty,’ | shitouttoaretow | to | 0s 
tm’ | Shitin troarenigd ft 
ten’ _| Shi ee ee 
Ee ee 
jth” | Dee ON ae a 
a re eee eee 
a es 
ten | a ee a 


Shift In T to HF HIGH 
Shift Out T to HF LOW 


Ouput Disable Delay 
Output Enable Delay 


Note: Input rise and fall time (10%—90%) = 2.5 ns. Conforms to MIL-STD-883; Group A, Subgroups 9, 10, and 11. 
* See timing diagram for explanation of parameters. 
** Actual test limits may be different to compensate for ATE. 


Standard Test Load Design Test Load 3 


5V 
TEST POINT sy 


OUTPUT TEST POINT 2KQ 
30 pF 
Input Pulse Amplitude = 3 V OUTPUT 
Input Rise and Fall Time (10% — 90%) = 2.5 ns 
505 107 Measurements made at 1.5 V 
: 30 pF | 


505 149 


Three State Test Load* 


Voc OUTPUT ENABLE 
TESTPOINT = 2 AL 
WAVEFORM 1 
WAVEFORM 2 
Vr=1.3V 0.5V 
Waveform 1 is for an output with internal conditions such that 
the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that 
the output is high except when disabled by the output control. 
505 107 505 150 
“Equivalent test loads may be used for automatic testing Figure A. Enable and Disable 


3-39 


57413A 


Typical ICC vs Temperature (vec = MAX) 


75 100 125 
CASE TEMPERATURE (°C) 505 151 


200 
loc (mA) 
190 


180 


170 


160 


Military Case Outlines 


CONFORMS TO 
PACKAGE OUTLINE MIL-M-38510F 
LETTER , APPENDIX C 


CASE 


§05025B 


Burn-In Circuitry 
Dynamic Burn-in | VCC 
To = 125°C 


m= 5.25 + 0.25 V 

Square wave pulses on AO to A8 are: 

1. 50% + 15% duty cycle 

. Logic “0” =—1 Vto 0.7 V 

. Logic “1” =2.4V to V,, 

. Frequency of each address i is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
e.g., AO = 100 kHz 

Ai = 50 kHz + 10% 
A2 = 25 kHz + 10% 
An = 1/2 An—1 + 10% 


f& © PO 


3 
4 
5 
6 
7 
8. 
9. 


A 
oO 


505 152 
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Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Figure 8) to 

prepare the FIFO to accept data in the first location. Master Reset 

must be applied prior to use to ensure proper operation. When 

Input Ready (IR) is HIGH the first location is ready to accept data 
from D, inputs. Data then present at the data inputs in entered into 
the first location when the Shift-In (Sl) is brought HIGH. ASI HIGH 

signal causes the IR to go LOW. Once data is entered into the first 
cell, the transfer of data in any full cell to the adjacent (down- 

stream) empty cell is automatically activated by an on-chip 

control. Thus data will stack up at the end of the device (while 

empty locations will “bubble” to the front when data is shifted out), 

t., defines the time required for the first data to travel from input 

to the output of a previously empty device. When Sl is brought 

LOW and the FIFO is not full, IR will go HIGH, indicating more 

room is available. If the memory is full, IR will remain LOW. 


Data Output 


Data is read from the O, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift-Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status sig- 
nals indicating that the FIFO is completely full (Input Ready stays 
LOW for at least t,,) or completely empty (Output Ready stays 
LOW for at least t 


pr): 


SHIFT IN 


505 153 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is crucial 
to correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 uF directly between V., and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift-In- 
Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not high due to (a) too high a 
frequency, or (b) FIFO being full or effected by the Master Reset, 
the Shift-In activity willbe ignored. This will affect the device from 
a functional standpoint, and will also cause the “effective” timing 
of Input Data Hold time (T,,,,) and the next activity of Input Ready 
(T,,,) to be extended relative to Shift-In going HIGH. This same 


type of problem is also related to T,.,., T,.,, and T._, as related to 


IRH? ~ DRL’ ORH 


Shift-Out. Data outputs driving a bus should be limited to 10 MHz 
frequency. For high-speed applications, proper grounding tech- 
nique is essential. 


Figure 1. Input Timing 
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Qu, 


SHIFT IN 


‘INPUT READY ; 7 \ - oe QO 


warn XXR) ss RRR RRR RRR 


0) Input Ready HIGH indicates space is available and a Shift-in pulse may be applied. 

@ Input Data is loaded into the first word. The Data from the first word is released for “fall through” to second word. 

® Input Ready goes LOW Indicating the first word Is full. 

@ Shift-in going LOW allows input Ready to sense the status of the first word. The first word Is now empty as Indicated by input Ready HIGH. 
© If the second word is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 


Note: Shift-in pulses applied while input Ready is LOW will be ignored (See Figure 3). 505 173 | 
Figure 2. The Mechanism of Shifting Data Into the FIFO 
- SHIFT OUT 
SHIFT IN 
INPUT READY tee —________—_——_—_ UpH 
KXXXXXXXKXXXXKXEXRXEX XXXXKX 
INPUT DATA <@— STABLE DATA ———> 
DATA XX KXKAKAAAAAAAA AAA . KXXXXX 
G) FIFO is initially full. 
@) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) Shiftin is held HIGH. 
(4) As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 505 155 
Figure 3. Data Is Shifted in Whenever Shift In and Input Ready Are Both HIGH 
Vf out : Vf out 
SHIFT OUT ‘gon —tgoL 
OUTPUT READY 
OUTPUT DATA 
@ The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 505 156 


Figure 4. Output Timing 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


G) Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@) Shift-Out goes HIGH causing the contents of word 62 (B-DATA) to be released for fall through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
@) Output Ready goes LOW. 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
3) If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data become invalid. 
505 157 Note: Shift Out pulses applied when Output Ready is LOW will be ignored (See Figure 7). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


SHIFT IN 
SHIFT OUT 
fee = tpr 
OUTPUT READY L 
toPH 
505 158 (1) FIFO is initially empty Figure 6. t,, and t,,,, Specification 


SHIFT OUT | 2 


cau a ge com 
cura XXX 


C1) Word 63 is empty. 

@) Output Ready goes HIGH indicating arrival of the new data 

@) New data (A) arruves at the outputs (word 63) ; Te 

@ Since Shift Out is held HIGH, Output Data is subject to change. Output Ready will go HIGH or LOW. 

6) As soon as Shift Ou goes LOW the Output Data is subject to change. Output Ready will go HIGH or Low 
depending on whether there are any additional upsteam words in the FIFO. 


505 159 Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 
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MASTER RESET 


INPUT READY | 
OUTPUT READY 
SHIFT IN 


DATA OUTPUTS 


turo —> 
MRO 505 160 


Figure 8. Master Reset Timing 


SHIFT OUT 


SHIFT IN 
@ FIFO contains 9 words (one more than almost empty). 505 161 
Figure 9. t,.,,. t,., Specifications 
SHIFT IN 


SHIFTOUT 


() FIFO contains 55 words (one short of almost full). | 505 162 


‘AFH? 


Figure 10. t,..,, t,,, Specifications 
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SHIFT IN 


HALF FULL / 


SHIFT OUT 
tHEL 
505 163 @) FIFO contains 31 words (one short of half full). 
Figure 11. t,,,, t,,, Specifications 
OUTPUT 
ENABLE 
SHIFT OUT 
COMPOSITE 
INPUT READY COMPOSITE 
OUTPUT READY 
SHIFT IN 
MASTER RESET 
FIFOs are expandable in width. However, in forming wider words 
two external gates are required to generate composite Input and 
Output Ready Flags. This requirement is due to the different fall 
505 164 through times of the FIFOs. 


Figure 12. 64x 15 FIFO with 57413A 
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ALMOST FULL 
EMPTY INTERRUPT 
HALF FULL FLAG 
Note: Expandin the FIFOs in word width is done by ANDing 
the IR and OR as shown in Figure 12. 
Figure 13. Application for the 57413A “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 505 165 
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57C401/13 
57C402/23 
5704033 

64x4 64x5 Memory 


Military CMOS 
Zero Power FIFOs 


PRELIMINARY 


Conforms to MIL-STD-883, Class B (Latest Revision) 


12 MHz (Cascadable) 


Features/Benefits 


Zero standby power 

High-speed 12 MHz shift-in/shift-out data rates 
Very low active power consumption 

Choice of 4-bit or 5-bit data width 
TTL-compatible inputs and outputs 

Readily expandable In work width and depth 
RAM-based architecture for short fall-through delay 
Full CMOS 8-transistor cell for maximum noise 
immunity 

Asynchronous operation 

Output Enable feature (57C4013/23/33) 


Ordering Information 
57C 4023 -12 J /883B 


TEMPERATURE CODE J i 
57 = -55 °C TO 125 °C /883B = MIL-STD-883, 
Class B 


Description 


The 57C40X/XX series devices are high-performance CMOS 
RAM-based First-In First-Out buffer memory products organized 
as 64 words by 4 or by 5 bits wide. These devices use Monolithic 
Memories’ CMOS process technology and meet the demands for 
high-reliability, high-speed, low-power operation. By utilizing an 
on-chip, dual-port RAM, a very short fall-through time is realized, 
improving overall system performance. Separate on-chip Read 
and Write pointers address each memory location, allowing the 
data to propagate to the outputs in much less time than in 
traditional register-based FIFOs. These FIFOs are easily inte- 
grated into many applications and perform particularly well in 
high-speed disk controllers, graphics, and communication sys- 
tems. The 550 pwatt standby power of these devices makes them 
ideal for ultra-low-powered and battery powered systems. 


PROCESSING 
CMOS FIFO FAMILY 
PART NUMBER PACKAGE 
J = Ceramic Dip 
SPEED 
(MHz) 
OUTPUT TYPE 
Blank = Totem Pole 
3 = Three State 
505 102 
Pin Configurations 
For Ceramic DIP Packages 
57C401/13 57C0402/23 5704033 
NC/OE | 1| Vcc OE | 1] 20] voc 
ae By SHIFT OUT HALF FULL [2 0) eee 
SHIFT IN ReApy. Oy SHIFT OUT 
OUTPUT 
Do 15] Oo SHIFT IN READY 
pare)! 14] 01 Do 00 
IN| p2 143] O2 }OUTPUTS D1 O1 
INPUT 
D3 03 D2 02 } OUTPUT 
iB DATA DATA 
Gnd 11] 04 D3 03 
MASTER 
one = — 
aN? RESET 
505 104 
10683A/1 
10684A/1 
3:47 


May 1988 


57C401/13 57C402/23 5704033. PRELIMINARY 
Block Diagrams 
57C401/13 
57C402/23 
INPUT SHIFT 
READY __ IN . -DATA IN 


HALF FULL 


ALMOST FULL/ 
EMPTY 


INPUT 
REGISTER 


64 X 4/5 READ 
DUAL PORT POINTER 
RAM COUNTER 


WRITE 
POINTER 
COUNTER 


OUTPUT 
CONTROL 
LOGIC 


OUTPUT 
REGISTER 


SHIFT OUTPUT 
DATA OUT OUT READY 


57C4033 


INPUT SHIFT 
READY IN DATA IN 


INPUT 
REGISTER 


WRITE 64 X5 READ 
POINTER DUAL PORT POINTER 
COUNTER RAM COUNTER 


OUTPUT 
ENABLE 


OUTPUT 
REGISTER 


DATA OUT OUT 


SHIFT OUTPUT 
READY 


MASTER RESET 


MASTER RESET 
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Absolute Maximum Ratings* 


SUPDIY VOWAGG) Vx ccwerssthsescsacaresucsansti apie sastucendsnseba iamditesdy aks aadescanasabeuacstvacbiytesasdsctucestacnssan tuasieshcudeasdsdenantaansabvaasiee auenaaeese -0.5Vto7V 
REE VOM ACG PANG Ox vice ates susetoctasdnc esas aches dacpscueaescca.nssusa neues ertt ee sgu abs cacwen ve tam sne wae usar tscen GaSe saa acne Sasa c dae aca -15Vto7V 
OT Stale GUIDUl VONAGE iu.25.8 secesescecccacdeuicctceisvvacseunscusissceusecduslusce qi vcwsiasveediccscouuseoicgcesnausseaeeatunaasouss adesestepuasniceenneltcdesens ~0.5 Vto to6.0V. 
SIGIAGS LOMP Slat 5h cceccsecececs cu ainsce nang sceed cddeaa ac hcecnatxceceaetsteecusatededasueeeaasuasnevosk cous tuauseatanvavioweese sd usksdae Rayos ee —65°C to 150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 


Ne | Save a 
a 
P| shitintowime 
is | tnntdein setpoint) ——SSSCSCSC~C~—SCSCti~<iE 
in| tout diatodineinsi@snity SSS 
ton | Maida sotpto Raheny) 
es | Heidi odineio Reon) ——SSSSCSC*idCOC 
—— 
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—_ 
oO 


N | th 
° = 


Oo 


— 
He) 


tm | Stitoatioiine SSCS 
0 
a 
i | MasorResstiost! 

ry 


a 


° 
is 


* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system noise. 
Do not attempt to test these values without suitable equipment. | ey 

** If the FIFO is not full (IR HIGH) MR LOW forces IR LOW, followed by IR returning high when MR goes high. 

**" tung iS measured on initial characterization lots only and is not directly tested in production. 


505006 
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Conforms to MIL-STD-883; Group A, Subgroups 1, 2, and 3. 


Electrical Characteristics Over Operating Conditions 


SYMBOL | PARAMETER TEST CONDITIONS MIN MAX UN : 


High-level output voltage 


Off-state output current Vog = MAX 0 V<Vour<5. 5V -§, 5 pA 
(4013, °4013, 4033 — 
cm Output short-circuit current = MAX 5 =OV 20-90 | mA 


Lestby Maximum standby current = MAX, All outputs open. 100 pA 
("CZ” devices only) 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
** Tested on initial qualification lot only. 


505007 


Standard Test Load* — Three State Test Load* 


Voc 


TEST POINT Ri 


OUTPUT o- TEST POINT 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time Ae 90%) = 2. 5 ns 
Measurements made at 1 


505 107 ‘Equivalent test load may be used for automatic testing. 


Resistor Values 


Te ee 
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Conforms to MIL-STD-883; Group A, Subgroups 9, 10, and 11. 


Switching Characteristics — i 


Shift Out T to Output Ready LOW 


tt Shift Out J to Output Ready HIGH 
i Output Data Hold (previous word) 


Output Data Shift (next word) 
Data throughput 


— 
NO 


Master Reset J to Output Ready LOW 

Master Reset J to Input Ready HIGH 

Master Reset 1 to Outputs LOW 

Master Reset J to Half-Full Flag LOW ('4033 only) 


Master Reset J to Almost Empty Flag HIGH (’4033 only) 
Input ready pulse HIGH 


MRHFL 


Output ready pulse HIGH 


oi Oo 


Output ready T to Data Valid 

Shift Out T to AF/E High (’4033 only) 
Shift In T to AF/E LOW ('4033 only) 
Shift Out T to AF/E LOW (’4033 only) 
Shift In T to AF/E HIGH (4033 only) 
Shift In T to HF HIGH (’4033 only) 
Shift Out T to HF LOW (’4033 only) 


-- 
_ 
Nh 
a 


—_ 
N 
oi 


— 
NO 
on 


Output disable delay (’4013, ’4023, ’4033 devices only) 


Output enable delay (’'4013, ’4023, ’4033 devices only) 


a) 
77) 


a oa xz? 
7 PF a 


35 | 


* If the FIFO is not full (IR HIGH), MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
** Actual test limits may be different to compensate for ATE. 
t See timing diagram for explanation of parameters. 
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Capacitances * | 


SYMBOL PARAMETER | TEST CONDITION | MIN MAX | UNIT 


“These parameters are not tested in production, but are evaluated at initial characterization and anytime the design is modified 
where capacitance may be affected. 505010 
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log WS. Frequency Military Case Outlines 


_| DEVICE PACKAGE -_ 
7 4 (Cord) | ae 
i | Confanné to 
Package | MIL-M-38510 
Outline | Appendix C | 


% 2 4 6 8 10 12 14 
FREQUENCY — MHz 


867 02 505011 


Burn-In Circuitry 


Dynamic Burn-in 


57C401 : 5704013 57C402 


3 
4 
5 
6 
7 
8 
9 


57C4023 — 57C4033 


— Tambiert = 129° G 
Voc 5. 25+0.25 V 
Square wave pulses on AO to A8 are: 
50% + 15% duty cycle 
. Logic “0” =-1 Vto0.7V 
. Logic “1” =2.4 Vto V,, 
. Frequency of each address is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
@.g., AO = 100 kHz 
A1 = 50 kHz + 10% 
A2 = 25 kHz + 10% 
An = 1/2 An—1 + 10% 


hon = 


=“OONANAYW 


fo) 
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Set Ee eee 3V 
OUTPUT ENABLE 
OV 
WAVEFORM 1 $1 CLOSED 1.5V 
$2 OPEN Voy+ 0.5 V 
V 
tpZH ey 
(OH 
WAVEFORM 2 $1 OPEN VoH- 0.5 V 
$2 CLOSED 1.5V 
$1 AND 
$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is low 


except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high 


505 171 


except when disabled by the output control. 


Figure A. Enable and Disable (57C4013/23/33 Only) 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the D, inputs. Data then present at the inputs 
is written into the first location of the RAM when Shift-In (Sl) is 
brought HIGH. ASI HIGH signal causes the IR to go LOW. When 
the SI is brought LOW and the FIFO is not full, IR will go HIGH, 
indicating that more room is available. The write pointer now 
points to the next location in the RAM. Ifthe memory is full, then 
IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by the 
Output Ready (OR) going HIGH. When the OR is HIGH, data may 
be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH sig- 

‘nal at SO causes the read pointer to point to the next location in 
the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR goes 
HIGH, indicating the presence of new valid data. If the FIFO is 
emptied, OR stays LOW, and O, remains as before, (i.e., data 
does not change if the FIFO is empty). Adual port RAM inside the 
chip provides the capability of simultaneous and asynchronous 
writes (Shift-Ins) and reads (Shift-outs). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to correct 
operation as the FIFO will respond to very small glitches due to 
long reflective lines, high capacitances and/or poor supply decou- 
pling and grounding. We recommend a monolithic ceramic ca- 
pacitor of 0.1 pF directly between V.,, and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift-In- 
Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading; i.e., 
rising edge of the Shift-In pulse is not recognized until input ready 
is HIGH. If Input Ready is not high due to (a) too high a frequency, 
or (b) FIFO being full or effected by Master Reset, the Shift-in 
activity willbe ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input Data 
Hold time (T,,,,) and the next activity of Input Ready (T,,,) to be 
extended relative to Shift-In going HIGH. This same type of 
problem is also related to T..,, Tou,» Tom» and the Status Flag 
timing as related to Shift-In and Shift-Out. For high-speed 
applications, proper grounding technique is essential. 


3-53 


57C401/13 57C0402/23, 


| 5704033 a PRELIMINARY 


HF and AF/AE Status Flags 
(57C4033 Only) 


The Half-Full (HF) will be high only when the net balance of words 
shifted into the FIFO exceeds the number of words shifted out by 
thirty-two or more (i.e., when the FIFO contains thirty-two or more 
words). The Almost-Full/Empty (AF/AE) flag will be HIGH when 
the FIFO contains fifty-six or more words or when the FIFO con- 
tains eight or fewer words (see Figures 10, 11 and 12). 


Care should be exercised in using the status flags because they 
are capable of producing arbitrarily short pulses. For example, if 


ow 


SHIFT IN 


INPUT READY 


INPUT DATA \Y 


XXXX 


TABLE DAT. 
A STABLE D ag 


XXXXXKXKXKXKXK) 


~ the FIFO contains thirty-one words, and SI and SO pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 


short pulse, depending on the precise phase of SI and SO. 


The flags will always settle to the correct state after the appropri- 
ate delay (e.g., T,,.,, T,,,, in this example). This property of the 
status flags will clearly be a function of dynamic relation between 
Sland SO. Generally, the use of level-sensitive, rather than edge- 


sensitive status detection circuits will alleviate this hazard. 


505 115 


@) Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 


@) Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 


) Shift-in going LOW allows input Ready to sense the status of the next memory location. The next memory location is empty as indicated by input Ready HIGH. 


6) If the FIFO is already full then the input Ready remains low. 
Note: Shift-in pulses applied while input Ready is LOW will be ignored. 
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Figure 2. The Mechanism of Shifting Data Into the FIFO 
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SHIFT OUT 


SHIFT IN 


INPUT READY 


woronn XXXXR EKER RRR sie —XTRRKKYY 


() FIFO is initially full. 

@) Shift in is held HIGH. 

@) Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 


505 117 Figure 3. Data Is Shifted Whenever Shift In and Input Ready Are Both HIGH 
Wout out 
SHIFT OUT _2) 
tSoH tsoL toni 
OUTPUT | 
READY (1) 


[+ — tons torp j* toa 
para ADaTA | XK BATA XXX CATA 


topy 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), 
and C-Data (third input word). 
@) Output data changes on the falling edge of SO after a a valid Shift-Out Sequence, i.e., OR and SO ar both high together. 


505 118 Figure 4. Output Timing 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


@ Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 3 
() Output Ready goes LOW. . 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


605 119 | Figure 5. The Mechanism of Shifting Data Out of the FIFO 


3-55 


- 570401/13 570402/23 57C4033__ PRELIMINARY 


2D 


SHIFT IN 


SHIFT OUT 
OUTPUT READY SP 


G4 FIFO is initially empty. 

@) Shift-Out is held HIGH. 

® Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-in. 
‘O) As soon as Output Ready becomes HIGH, the word is shifted out. 


Specification 505 120 


SHIFT OUT 


wmamor YD 
SOD 
com 


@ The internal logic does not detect the presence of any data n the FIFO. 
@) New data (A) arrives at the outputs. 
® Output Ready goes HIGH indicating arrival of the new data. 
G) Since Shift Out Is held HIGH, Output Ready goes immediately LOW. 
©) As soon as Shift Out goes LOW the Output Data Is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words In the F IFO, 


Figure 6. t,, and t 


OPH 


Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 505 121 


MASTER RESET 
INPUT READY 
OUTPUT READY 
SHIFT IN 


DATA OUTPUTS 


‘Figure 8. Master Reset Timing —__ ~~ a 505 122 


505 122 
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MASTER RESET 
'MRHFL 
HALF-FULL FLAG 
'MRAEH 


ALMOST FULL/EMPTY 


(1) FIFO initially has between 32 and 56 words. 


505 123 Figure.9. t,..,., and t,.,.,, Specifications 
SoH 
SHIFT OUT 
tAEH 
ALMOST FULL/EMPTY J 
TAEL 
SHIFT IN 
tsiH 
@ FIFO contains 9 words (one more than almost empty). 
505 124 | Figure 10. t,_, and t,., Specifications 
tsiH 
SHIFT IN 
tAFH 
ALMOST FULL/EMPTY / 
TAFL 
SHIFT OUT 
Ison 
oO) FIFO contains 55 words (one short of almost full). 
505 125 Figure 11. t,.,, andt,., Specifications 


SHIFT IN 


HALF FULL 


SHIFT OUT 


G) FIFO contains 31 words (one short of almost full). 


505 126 | Figure 12. t,., and t,,.,, Specifications 
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~ 57C4500-40/50/65/80 


High Density First-in First-out (FIFO) 


256x9 CMOS Memory 


Advance information 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 

256x9 organization 

Cycle times of 50/65/80/100 nanoseconds 
Asynchronous and simultaneous writes and 
reads , 

Low power consumption — 80 mA maximum 
Status flags — full, half-full, empty 


e Retransmit capability 

e Expandable in both width and depth 

e Increased noise immunity for XI - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 57C4500 is a RAM-based CMOS FIFO that is 256 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 20 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. _* ~ 


High Density FIFOs such as the 57C4500 are useful ina 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the 57C4500 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM 


EXPANSION 
‘LOGIC 


DO-D8 
DATA 
INPUTS 
WRITE 
POINTER 


DATA 
OUTPUTS 


READ 
POINTER 


Figure 1. 
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Advance Information 


High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


CONNECTION DIAGRAMS 


DIP 


5704500 


ORDERING INFORMATION 


57 C 4500 - 40 J /883B 


OPERATING CONDITIONS 
57 = -55°C to 125°C 


CMOS TECHNOLOGY 
PART NUMBER 
PERFORMANCE 
40 ns = 40 nst, 
50 ns = 50 nst, 


65 ns = 65 ns t, 
80 ns = 80 nst, 


ORDERING INFORMATION 


Part 
romney Description Package | Temp 


= | fe 


57C4500-50 
256-word by 9-bit FIFO 


5704500-65 


5704500-80 


Pin Designations: 


W = Write 

R = Read 

RS = Reset 

FURT = First Load/Retransmit 
D, = Data In 


Q, = Data Out 


XI = Expansion In 


XO/HF = Expansion Out/Half-Full Flag 


FF = Full Flag 

EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


PROCESSING 


/883B = MIL-STD-883 
Class B 


PACKAGE TYPE 


J = Ceramic DIP 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage, Veg -sescsecsessssssesssssseeeneneeereseaes -0.5 V to +7.0 V 
IIPUT VONAGO esc sestsacssicacesessveserecsactensrsbosecs -0.5 V to V,, +0.5 V 
Operating temperature ............cccccccseesesseeeees -55°C to +125°C 
Storage temperature ............cccescsssessesseseseeeee -65°C to +150°C 
Power dissipation .............c:ccssscesscssssssssccsssssssessessesenseceeess 2.0 W 
DG OUtDUU CUI OI iis iecscccaia sccvatesegescetocsiediaadesereanetebexeteass 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Military: v,,, = 5 V +10%, T, = -55°C to +125°C 
57C4500-40 | 57C4500-50 {| 57C4500-65 | 57C4500-80 


Parameter x = 40 ns T, = 50 ns T, =65 ns T, =80ns 
Description Max./} Min. Max. Min. Max. Min. Max. 


Input Leakage Current (any input) (Note 1) 


Voy jOutput Logic “1” Voltage |,,,=-2 mA 


Output Logic “0” voltage |,, = 8 mA 


| Vou | 
kc, [Average Voce Power Supply Current (Note 4) 


Average Standby Current 
(R= W= RS = FU/RT = V4) (Note 4) 


Power Down Current (all inputs = V,, 
(Note 4) 


Notes: 1. Measurements with GND <V,< Vo, 
2. Re 2 Vin GND €Vour = "Cc" 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


AC CHARACTERISTICS v,,, = 5 V #10%, T, = -55°C to +125°C 


Parameter Parameter 57C4500-40 | 57C4500-50 57C4500-65 | 57C4500-80 
Symbol Description : Min. Max. Min. Max. Min. Max. Min. Max. 


Write and Flag Timing 


Write Cycle Time 
Write Pulse Width 4 


Write Recovery Time 


Data Setup Time 


as 


0 


a_i, 
on 
no 
© ro) 


io) 
Oo 
BSS 
oO 


at LOW Z (Note 1) 


: 
“ 


Read pulse LOW to data bus 
at LOW Z (Note 1) 


Data Valid from read pulse HIGH 
Read pulse HIGH to data bus 

at HIGH Z (Note 1) 

Read HIGH to Full Flag HIGH 


Read HIGH to Half Full-Flag HIGH 
Read LOW to Empty Flag LOW 3 


Reset Timing 


Ww 
Ww 
Ww 
b 
b 
Ww 
Ww 
Ww 


AS 
OT 


0 
0 
35 
35 
10 


Cc 
PW 
R 
S 
H 
FF 
HF 
EF 

twz 


— 
ol 


= /Q | — 
o;o;]o 
oh, 
(o) 

—_ 

© 

© 


=k 
ol 
— 
ol 


hee 
t, 
he 
thew 


io) 
>) 


b 
or 


10 


a 


by 
Taz 
tare 35 
the 

a 5 


ie) 
Oo i=) 


& 
Or 


ook, 


0 


oO 


Reset Cycle Time 


Reset Pulse Width 


40 
10 
Retransmit Timing . 
bare 
tar 
tor 


Note: 1. Characterized parameters. 


© 
(>) 


ary 
ol 
_ 
ol 


besc 
hs 
hss 
tesp 
tee 
tory 
bey 


© 
oO 


—_ 
Oo 


Retransmit Cycle Time 0 
Retransmit Pulse Width 


Retransmit Recovery Time 


aj 
olo 
a_i, 
oO 
—_, 
oO 
ros) 
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57C4501-50/65/80 


High Density First-in First-out (FIFO) 


512x9 CMOS Memory — 


_ Advance Information 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 


e 

e 512x9 organization 

e Cycle times of 65/80/100 nanoseconds 

e Asynchronous and simultaneous writes and 
reads | 

e Low power consumption — 80 mA maximum 

e 


Status flags — full, half-full, empty 


e Retransmit capability . 


e Expandable in both width and depth | 


e Increased noise immunity for XI - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 57C4501 is a RAM-based CMOS FIFO that is 512 


words deep with 9-bit wide words. It is expandable to any | 


width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 15 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


High Density FIFOs such as the 57C4501 are useful ina 
wide range of applications. The ability to buffer large 


transfers of data and the rate adaption capabilities make 


the 57C4501 useful in communication, image processing, 
mass storage, DSP, and printing systems. | 


BLOCK DIAGRAM 


_ $12x8  | poINTER 


DO-D8 


‘READ 


Figure 1. 
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Advance information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 


CONNECTION DIAGRAMS 
DIP 
28) Voc 
Pin Designations: W = Write 

R = Read 
RS = Reset 
FURT = First Load/Retransmit 

EF} FURT D, = Data In 

57C4501 Sa= Dale 


ORDERING INFORMATION 


FT C 4501 - 50 J sa 


XI = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 


OPERATING ScuuneNae i eee 
57 = -55°C to 125°C /883B = MIL-STD- 883 
7 Class B 
CMOS TECHNOLOGY 
PACKAGE TYPE 
PART NUMBER J = Ceramic DIP 


PERFORMANCE 
50 ns = 50 ns t, 
65 ns = 65 ns t, 
80 ns = 80 ns t, 


ORDERING INFORMATION 


Part 


zee : BG 


57C4501-65 | 512-word by 9-bit FIFO 


5704501-80 
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Advance: Information | 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 » 


ABSOLUTE MAXIMUM RATINGS — 


SUPPly VONAGE, V op ssi sssiaessassecravacssecacsaccanenseteerss -0.5 V to +7.0 V 
WAPUU VONAQC cei oceans ia savletencassasazecenasozerons -0.5 V to V., +0.5 V 
Operating temperature .............ccssccecessssseereeeees -55°C to +125°C 
Storage temperature ...............ccscccececsssseteeeees -65°C to +150°C 
POWOr GISSIDGTON ss sssats cides cicsvicceguceddcastciassetwndtentanea teceeuars 2.0 W 
DC OUtput CUIONE a5 nces cise eitieinvs ccecstiecutedt wheasecaeveae 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,,. = 5 V +10%, T, = -55°C to $125°C | 


oe 


[Inout Leakage Current (any input) (Note 1) 


57C4501-50 -57C4501-65 57C4501-80 


I 


Output Leakage Current (data outputs) (Note 2) 


Sune Logic “1” Voltage lon = 72 MA 


Output Logic “0” voltage lop = 8 MA © 


Average V.,,. Power Supply Current (Note 4) 


Average Standby Current 
(R=W=RS=FLAT = V4) (Note 4) 


Power Down Current (all inputs = V,,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND <V,.<V., 
2. R2V,,, GND S$ Vou7S Voc 
3. These are absolute voliage levels with respect to the ground pins on the device and include all overshoots sia to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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Advance Information 
High Density First-in First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 


AC CHARACTERISTICS v,,, = 5 V +10%, T, = -55°C to +125°C 


Pages 57C4501-65 57C4501-80 
Description Max. Min. Max. Min. Max. 


Write and Flag Timing 
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57C4502-50/65/80 


High Density First-in First-out (FIFO) 
1024x9 CMOS Memory 


Advance Information 


RAM based FIFO 
1024x9 organization 
Cycle times of 65/80/100 nanoseconds 
Asynchronous and simultaneous writes and 
reads 

Low power consumption — 80 mA maximum 
e Status flags — full, half-full, empty 


DISTINCTIVE CHARACTERISTICS 


e Retransmit capability 

e Expandable in both width and depth 

e Increased noise immunity for XI - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 57C4502 is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 15 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


High Density FIFOs such as the 57C4502 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the 57C-4502 useful in communication, image processing, 
mass storage, DSP, and printing systems. 
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Figure 1. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4502-50/65/80 


CONNECTION DIAGRAMS 


DIP 


57C4502 


Pin Designations: 


ORDERING INFORMATION 


oF C 4502 - 50 J /883B 


OPERATING screens 
57 = -55°C to 125°C 
CMOS TECHNOLOGY 


PART NUMBER 


PERFORMANCE 
50 ns = 50 ns t, 
65 ns = 65 ns t, 
80 ns = 80 ns t, 


ORDERING INFORMATION 


Part 
ped Description Package | Temp 


eae : nye 


57C4502-65 |1024-word by 9-bit FIFO 
5704502-80 


— 


W = Write 

R = Read 

RS = Reset 

FL/RT = First Load/Retransmit 
D, = Data In 


Q, = Data Out 


XI = Expansion In 


XO/HF = Expansion Out/Half-Full Flag 


FF = Full Flag 

EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


PROCESSING 


/883B = MIL-STD-883 
Class B | 


PACKAGE TYPE 


J = Ceramic DIP 
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Advance Information 
High si First-In First-Out t (FIFO) 1024x9 cmos Memory ge tena 


ABSOLUTE MAXIMUM RATINGS. 


Supply voltage, Vag ceesssssesseeesssesssseeneeseessesesees -0.5 V to +7.0 V 
WnipUt VONEGO 2cissescesisunscensssioncuteecna hereto -0.5 V to V,, +0.5 V 
Operating temperature .............cccccssssecesseeesstees -55°C to +125°C 
Storage temperature ...........ccccccsscsssssesseseseeees -65°C to +150°C 
Power dissipation ............sscscssssseees savaeditearntn uctodeesbetas 2.0W 
DG OUTPUT CUI OM a fesc.eeiasieveriisc aiveaciscercasensvisabenabivanioarws 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 

INGS may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to absolute maximum 
_ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: Voc = 5 V £10%, T, = -55°C to +125°C 


57C4502-50 57C4502-65 | 57C4502-80 
T,=50ns T, =65ns T, =80ns 


Parameter 


- Min. Max. Min. Max. Min. Max. 
a 
eeiniancoer anomie [ee [ew [es 
Yt 
[fever em | 


Vix Input Low Voltage, XI (Note 3) 
Output Logic “1” Voltage |,,,= -2 mA 


Vor Output Logic “0” voltage |, =8 mA 


Average V,,, Power Supply Current (Note 4) 


Average Standby Current 
(R=W= RS = FL/RT = V4) (Note 4) 


3 


= = 


Notes: 1. Measurements with GND <V,.<V,. 
2. R2V,,,GND< Vou, Voc 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4502-50/65/80 


AC CHARACTERISTICS v,,, = 5 V 10%, T, = -55°C to +125°C 


: 57C4502-50 57C4502-65 57C4502-80 
Description Min. Max. Min. Max. Min. Max. 


Write and Flag Timing 


¢ _|WriteCycleTime = | tC“<;i‘iLC CSCS 
nwt Pus With ———SSSCSC~Cs 
r 
Data Setup Time 
= |wietowiorulFetow [| 
[wie LOW to Har Ful FagtOw [esi 
; 
Write pulse HIGH to data bus 
Le at LOW Z (Note 1) 


Read and Flag Timing 
ieee Ae oe 
2 __|ReadRecoveryTime = | 15 
7 


Read pulse LOW to data bus 10 
LZ at LOW Z (Note 1) 
Read pulse HIGH to data bus 30 
HZ at HIGH Z (Note 1) 
Read HIGH to Full Flag HIGH ee 
Read HIGH to Half-Full Flag HIGH a ee 
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FIFOs: Rubber-Band Memories 


to Hold Your System Together 


Data-rate matching problems are a very basic part of the life ofa 
builder of digital systems. Today there are components called 
“FIFOs” which let you keep your hardware design simple, and let 
each portion of your system see the data rate which it wants to 
see, and yet let you avoid hobbling the performance of your 
software by constantly interrupting or intermittently halting your 
microprocessor. FIFO is one of those made-up words, or 
acronyms, formed from the initials of a phrase — in this case, 
“First-/n, First-Out.” FIFOs may be thought of as “elastic storage” 


11113A 
JULY 1988 


Chuck Hastings 


devices — “logical rubber bands” between the different parts of 
your system, which stretch and go slack so that data rates bet- 
ween different subsystems do not need to match up on a short- 
term microsecond-by-microsecond basis, but only need to 
average out to be the same over a much longer period of time. 
This tutorial paper both describes what FIFOs are in general, and 
introduces the 64x4 and 64x5 Monolithic Memories’ FIFOs in 
particular. 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 


Chuck Hastings 


Introduction 


- Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Some important electromechanical 
devices such as disk drives produce or absorb data at totally 
inflexible rates governed by media recording densities and by 
the speeds at which small electric motors are naturally willing to 
rotate. Other devices such as letter-quality printers have 
maximum data rates beyond which they cannot be hurried up, 
and which are relatively slow compared to the rates of other 
devices in the system. 


Microprocessors and their associated main memories are gen- : 


erally faster and more flexible than the other system components, 
but they often operate with severly degraded efficiency if they 
must be diverted from their main tasks every few milliseconds to 
handle data-ready interrupts for individual dribs and drabs of 
data. While “one day ata time” may be a sound principle by which 
to live your life, “one bit at a time” or even “one byte at a time” is 
not a philosophy by which to make your microprocessor live if 
you want the best possible service from it. 


Today there are components called “FIFOs” which let you keep 
your hardware design ‘simple, and let each portion of your 
system see the data rate which it wants to see, and yet let you 
avoid hobbling the performance of your software by constantly 
interrupting your microprocessor, or even by intermittently 
"halting it in order to let DMA (Direct Memory Access) circuits 
take over control of the main memory for a short time. FIFOs 
may be thought of as “elastic storage” devices — “logical rubber 
bands” between the different parts of your system, which stretch 
and go slack so that data rates between different subsystems do 
not need to match up on a short-term microsecond-by- 
microsecond basis, but only need to average out to be the same 
over a much longer period of time. 


This tutorial paper both describes what FIFOs are in general, 
and introduces the 64x4 and 64x5 Monolithic Memories FIFOs 
in partieurale 


What is a FIFO? 


FIFO is one of those made-up words, or acronyms, formed from 
the initials of a phrase — in this case, “First-/n, First-Out.” 
Originally, the phrase “First-In, First-Out’ came from the field of 
operations research, where it describes a queue discipline 
which may be applied to the processing of the elements of any 
queue or waiting line. There is also a LIFO, or “Last-in, 
First-Out” queue discipline. The terms FIFO and LIFO have also 
been used for many years by accountants to describe formal 
procedures for allocating the costs of items withdrawn from an 

_inventory, where these items have been bought over a period of 
time at varying prices. - 


You can probably think of some simple, everyday objects which 
in some manner behave according to the FIFO queue discipline. 
For instance, little two-seater cable-drawn boats are drawn 
through an amusement park tunnel of love one by one, and must 
emerge from the other end in the same order in which they 
entered the tunnel — “First-In, First-Out.” The old-time coin 
dispensers used by the attendants at such amusement park 
features, or by city bus drivers, are “buffer storage” devices which 
handle coins in this same manner. (See Figure 1.) 


Figure 1. Primitive Mechanical FIFO Device 


Notice also that the input of a coin into one of the tubes of such 
a coin dispenser through the slot at the top, and the output of a 
coin at the bottom of that tube when the lever for that tube is 
pushed, are completely independent events which do not have 
to be synchronized in any way, as long as the tube is neither 
totally empty nor totally full. However, if the tube fills up 
completely, a coin inserted into the slot will not go into the 
tube. Likewise, if the tube empties out completely, no coin is 
released from the tube at the bottom when the lever is pressed. 
The coin tube thus behaves as an asynchronous FIFO. Keep 
this homely example in mind. 


In computer technology, both the FIFO queue discipline and 
the LIFO queue discipline are frequently used to control the 
insertion and withdrawal of information from a buffer memory, 
or from a dedicated buffer region of some larger memory. In 
input/output programming practice, a FIFO memory region is 
sometimes referred to as a circular buffer, and in programming 
for computer-controlled telephone systems it is called a 
hopper. A LIFO memory region is usually referred to as a stack. 
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Both FIFO and LIFO memories have frequently been im- 
plemented as special-purpose digital systems or subsystems, 
but as of the present time only FIFO memories are commonly 
implemented as_ individual, self-contained semiconductor 
devices. 


Representative FIFOs 


To give you the flavor of what these semiconductor devices are 
like, I'll describe the type 67401 64x4 FIFO and type 67402 64x5 
FIFO which have been available for several years from Mono- 
lithic Memories. (“64x4” here means containing 64 words of 4 
bits each.) These parts have a basic, easy-to-understand 
architecture and control philosophy. They also happen to be the 
fastest FIFOs available through normal commercial channels as 
of this writing, and they are in widespread use for applications 
ranging from microcomputers up to IBM-lookalike mainframes 
and large special-purpose military radar processors. A 67401 is 
internally organized as follows: 


MASTER RESET 


Figure 2. Architecture of the 67401 FIFO 


The list of signals/pins for the 67401 is: 


HOW MANY] (CUM) | _VON 
ea a 
[our [4 fs [0 


Control: 
4 9 
1 10 
1 11 


Shift In 
Shift Out 
Master Reset 
Status: 
| Input Ready 

Output Ready 


Voltage: 
Vcc (+5V) 
Ground 


The corresponding list for the 67402 differs only in that there are 
5 Data In lines rather than 4, and 5 Output lines rather than 4. 
The reason that there is an unused pin is that the 67401 was 


originally designed as a faster bipolar upgrade of a MOS part, the 
Fairchild 3341, which needs a second power-supply voltage 
(-12V) as well as Voc. Much of the description to be given here 
of the 67401 also applies to the 3341, except for date rate — the 
67401 can operate at 5 to 35 MHz depending on the exact version, 
compared with approximately 1 MHz for the 3341. Pinouts are: 


NCI 1 16] Vag 
INPUT READY | 2 | 115] SHIFT OUT 
SHIFT IN | 3) OUTPUT READY 
Do [4] 5/67401/A_ fis}, 
DATA IN Pr ea OUTPUTS 
Do [6 | 11} Op 
D3 [7 10] 0, 
GND [8 | 19 | MASTER RESET 


(Note: “NC” pin is -12V for 3341.) 
Figure 3. 67401/3341 Pinout 


NC LT 
INPUT READY [ 2 | 


SHIFT IN | 3| 


5/67402/A 


DATA IN 2 D2 L 6 


10] MASTER RESET 


Figure 4. 67402 Pinout 


‘““\EIRST-IN, FIRST-OUT’ ...DESCRIBES A QUEUE DISCIPLINE 
WHICH MAY BE APPLIED TO THE PROCESSING OF THE ELEMENTS 
OF ANY QUEUE...” : 
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The reason for having a.5-bit model as well as a 4-bit model of 
basically the same part is that if two 4-bit FIFOs are placed side- 
by-side they make only an 8-bit FIFO, and many people have 
FIFO applications which entail using a parity bit with each byte, 
and/or a frame-marker bit with the last byte of a frame or block, 
which means that they want 9-bit or 10-bit FIFOs. A 67402 next 
to a 67401 makes a 9-bit FIFO, and two 67402s make a 10-bit 
FIFO. But I’m getting ahead of myself. 


A logic HIGH signal on the Input Ready line indicates that there 
is at least one vacant memory location within the FIFO into 
which a new data word may be inserted. Likewise, a logic HIGH 
on the Output Ready line indicates that there is at least one data 
word currently stored within the FIFO and available for reading 
at the outputs. The operation of the FIFO is such that, once a 
data word has been inserted at the Data In lines (the top of the 
FIFO, as it were), this word automatically sinks all the way to the 
bottom (assuming that the FIFO was previously empty) and 
forthwith appears at the Output lines. (Remember the synonym 
hopper?) In keeping with the FIFO queue discipline, the first 
word which was inserted is the first one available at the outputs, 
and additional words may be withdrawn only in the order in 
which they were originally inserted. 


There is no provision for random access in these FIFOs, since 
their internal implementation uses one particular variation of 
shift-register technology. Each FIFO word consists of 4 (for the 
67401) or 5 (for the 67402) data bits, plus a control or “presence” 
bit which indicates whether or not the word contains significant 
information. There are thus 4 or 5 data “tracks” and one 
presence “track” if you look at a FIFO from a magnetic-tape 
perspective. What the Master Reset input does is to clear all of 
the bits in the presence track, and in addition to clear the very 
last data word (at the “bottom”) which controls the Output lines. 
The other 63 data words are not cleared, but it doesn’t really 
matter; their status is like unto that of operating-system files 
whose Directory entries have been deleted, in that they can no 
longer be read out and will get written over as soon as new 
information comes in. 


We now return to what happens when a new data word gets 
inserted at the “top” of the FIFO. A mark (call it a “one”) is made 
in the presence bit for word 00, the first word. Assume now that 
word 01 is vacant, so that there is a “zero” in its presence bit. The 
internal logic of the FIFO then operates so that the data from 
word 00 is automatically written into word 01, the presence bit 
for word 01 is automatically set to “one,” and the presence bit for 
word 00 is automatically reset to “zero.” If word 02 is likewise 
vacant, the process gets repeated, and so forth until the same 
piece of data has settled into the lowest vacant word in the FIFO 
— the next lower word, and all the rest, have “ones” in their 
presence bits, blocking further changes. 


Conversely, now assume that at the moment no data word is 
being input, but that one has just been output. Then the bottom 
word in the FIFO — word 63 — has a “zero” in its presence bit, 
but there are a number of other words above it which have 
“ones” in their presence bits. The data in word 62 then moves 
into word 63 in the same manner described above, and the data 
in word 61 moves into word 62, and so forth, until there is no 
longer any word in the FIFO having a “one” in its presence bit 
which is above a word having a “zero” in its presence bit. The 
effect is that of empty locations bubbling up to the top of the 
FIFO. Or, in case you are one of those elite individuals who has 


been exposed to the concepts and jargon of modern semicon- 
ductor: theory, you may prefer to think of the FIFO operation as | 
one in which data (“electrons”) flow from the top of the FIFO to 
the bottom, and vacancies (“holes”) flow from the bottom of the - 
FIFO to the top. In the general case, of course, new data words 
are being input at the top and old ones are being output at the | 
bottom at random times, and there is a dynamic and continually 
changing situation within the FIFO as the new data words drop 
towards the bottom and the vacancies bubble up towards the 
top, and they intermix along the way. — 


An obvious consequence of this manner of operation in shift- 
register-technology FIFOs is that it takes quite a bit longer for a 
data word to pass all the way through the FIFO than the minimum 
time between successive input or output operations. There are 
various versions of the 67401 and 67402, rated at 5, 7, 10, 15, 167 


~ or 35 MHz over commercial (0° C to +75°C) or military (-55°C to 


+125°C) temperature ranges. Thus, for instance, a 15-MHz FIFO 
can input data words at the top and/or output data words at the 
bottom at a sustained rate of a word every 66-2/3 nanoseconds. 
However, the “fall-through time” tp7 for these same FIFOs is 
stated in the data sheet as 1.6 microseconds, which is a long 
enough time for 24 words to be input or 24 words to be output! 
There is in principle also a “bubble-through” time for a single 
vacancy to travel from word 63 all the way back to word 00, 
which should be identical to tpy, and probably is although as 
measured on a semiconductor tester it may differ by as much 
as 50 nanoseconds, which is probably due to artifacts of 
measurement. By the way, the stated operating frequencies and 
the tpy value are “worst-case” (guaranteed) numbers; the 
“typical” values observed in actual parts are necessarily 
somewhat better, since semiconductor manufacturers are 
obliged to take any parts back which customers can prove do 
not meet the worst-case numbers, and some margin of safety 
is always nice (see reference 1). 


Besides Monolithic Memories, other manufacturers of high- 
speed FIFOs include Fairchild Semiconductor, Mostek, National 
Semiconductor, RCA, Texas Instruments and TRW LSI Products 
Slow MOS FIFOs are available from Advanced Micro Devices, 
Fairchild Semiconductor, Texas Instruments, Western Digital 
and Zilog, and FIFOs in development or available at just about all 
of these vendors also offer new bells and whistles which | haven't 
discussed, such as three-state outputs, serial (one-bit-at-a-time) 
as well a parallel data ports, and additional status flags. TRW’s 
new FIFO, for instance, has a “half-full” flag which tells when half 
of the FIFO’s words contain data. Monolithic Memories now has 
the 67413 FIFO which supplies not only this flag, but also a 


‘second flag which indicates that the FIFO is either “almost full” 


(within eight words of full) or “almost empty” (within eight words 
of empty, reminiscent of the “yellow warning interrupt” in Digital 
Equipment Corporation PDP-11 computers. This “almost-full/ 
empty flag” can be used as an interrupt to a microprocessor to 
indicate that some action must be taken, and the microprocessor 
can then examine the “half-full flag” to see what it actually has 
to do. 


There are also other design approaches to the insides of a FIFO 
besides the one based on shift-register technology which has 
been described here. For instance, a FIFO may be organized as 


a random-access memory (“RAM”) with two counters capable 


of addressing the RAM right within the chip, an “in-pointer” and 
an “out-pointer.” The counting sequences, of course, “wrap — 


ween cemeteries eens inca Se AS red Aero AR ETP SH SP SS NEP er cS Ef TUS YR 7PM  A EEASSEPCCAS 
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around” from the highest RAM address back to zero. The out- 
pointer chases the in-pointer, the region just traversed by the in- 
pointer but not yet by the out-pointer contains significant data, 
and the complementary region is logically “empty.” This 
approach involves good news and bad news: the good news is 
that the long fall-through time goes away, but the bad news is 
that now reading and writing typically interfere with each other 
— unless the RAM is “two-port,” they cannot be done 
simultaneously at all. Also, since this approach is more costly in 
“silicon area” than the shift-register approach, it would not result 
in as large FIFO capacities for the same size die or the same 
power consumption. In practice, this approach has only been 
used for MOS FIFOs which have turned out to be quite slow. 


Another design approach is somewhat intermediate between 
the pure RAM approach as just described and the shift-register 
approach. It uses “ring counters” on the chip instead of full- 
blown binary counters. What this means in practice is that there 
are now two extra “tracks” along with the data tracks within the 
FIFO, plus also an input data bus and an output data bus. Single 
“one” bits move along the in-pointer track and the out-pointer 
track, and the out-pointer chases the in-pointer as before. The 
RAM is effectively two-port, and the two parallel buses both go 
to each and every word. Texas Instruments has announced 
some small (16x4) bipolar FIFOs based on this technical 
approach. Like the pure RAM approach, it gets rid of the fall- 
through time but needs proportionally more silicon area to store 
a given number of bits. 


Designing with FIFOs 


Returning now to the Monolithic Memories 67401 and 67402, if 
what you really need is a “deeper” FIFO, say 128x4 instead of 
just 64x4, these parts are designed to cascade using a simple 
“handshaking” procedure, without any external logic at all! If 
FIFO B follows FIFO A in the cascading sequence, the Shift In 
control input of FIFO B is connected to the Output Ready status 


COMPOSITE 
INPUT READY 


SHIFT IN 


output of FIFO A, and likewise the Shift Out control input of 
FIFO A is connected to the Input Ready status output of FIFO B, 
and the Master Reset control inputs are all tied together. (See 
Figure 5.) That’s all there is to it. Any number of FIFOs may be 
cascaded in this manner. 


‘... THE MONOLITHIC MEMORIES 67401 AND 67402... ARE 


DESIGNED TO CASCADE USING A SIMPLE ‘'HANDSHAKING’’ 

PROCEDURE ...’’ 

INPUT READY. SHIFT OUT 
SHIFT IN OUTPUT READY 
DATA IN 


DATA OUT 


MASTER RESET © 
Figure 5. Cascading FIFOs to Form 128x4 FIFO 


COMPOSITE 


Figure 6. 192x12 FIFO 


SHIFT OUT 


OUTPUT READY 


MASTER RESET 


If what you really need is a “wider” FIFO, then you simply 
arrange 64x4 or 64x5 FIFOs side-by-side up to the required 
width. Then, you use an external AND gate such as a 74S08 
or 74811 to AND the Input Ready signals of the first rank of 
FIFOs if there is more than one rank, or of the only rank of 
FIFOs if there isn’t. (See Figure 6.) Likewise, a similar AND gate 
is also needed to AND the Output Ready signals of the last rank 
of FIFOs. If you didn’t provide these AND gates and just took 
the Input Ready signal of one FIFO as representative of when 
the whole array was ready, you would be taking the rather large 
gamble that you had correctly chosen the slowest row in this 
array — and if you chose wrong, 4-bit or 5-bit chunks of your 
input word might not get read correctly into the FIFO where 
they were supposed to go. Ditto on the output side. So like use 
the AND gates. — 


Although a humungous number of 67401s and 67402s are in use 
worldwide giving hassle-free service, it should be kept in mind 
that these devices are asynchronous sequential circuits. (One 
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definition of “asynchronous sequential circuit” is “a fortuitous 
collection of race conditions,” but that definition is unduly 
sardonic for very carefully designed parts such as these.) If 
your board is subject to noise, or if certain data sheet setup- 
time and hold-time conditions are occasionally not met, errors 


‘may occur. It is prudent system-design practice to every so 


often allow an array of FIFOs to empty out completely, and 
then issue a Master. Reset. (I’m assuming, of course, to start 
with that you’re not the kind of turkey who has to be told to 
issue a Master Reset as part of your power-up. sequence.) In 
the event that you still get what appear to be occasional errors, 
very small (say from 22 to 68 picofarads) capacitors from both 
the Shift In control input and the Shift Out input of a FIFO to 
ground will often eliminate these. But by all means start with a 
good circuit board — these are high-speed-Schottky-technology 
circuits, and like to see a lot of ground-plane metal on the board, 
along with other reputable interconnection practices such as 
0.1-microfarad disk capacitors between Vcc and ground 
for each chip to bypass switching noise. 


SHIFT IN 


INPUT READY 


it 


‘\ 


\\ 


Qa) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 


(2) Input Data is loaded into the first word. 


(3) Input Ready goes LOW indicating the first word is full. 


(4) The Data from the first word is released for “fall-through” to second word. 


The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 


If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Figure 7. Sequence of Events When a Data Word is Shifted into a FIFO 


The sequence of events which occurs during the operation of 
shifting a new data word into the “top” of a FIFO is shown in 
Figure 7, and the corresponding sequence of events for shifting 
out the bottom word is shown in Figure 8. In both of these 
figures, it has been assumed that the external logic — whether it 
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be the rest of your system, or just another FIFO — refrains from 
raising the respective Shift line to HIGH until the respective 
Ready line has gone HIGH, if the Shift line is raised any earlier, it 
simply gets ignored. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


AAA 
M , V0004 


WMA 
WY 


44 


C) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


@) Shift Out goes HIGH causing the next step. 
(3) Output Ready goes LOW. 


@) Contents of word 62 (B-DATA) are released for “fall through” to word 63. 


Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


Figure 8. Sequence of Events When a Data Word is Shifted Out of a FIFO. 


When two FIFOs are cascaded as shown in Figure 5, the 
sequences of events shown in Figures 7 and 8 are subject to the 
additional ground rule that the Output Ready line of the FIFO on 
the left in Figure 5 (call it “FIFO A”) is identically the Shift In line 
of the FIFO on the right (call it “FIFO B”). And likewise, the Input 
Ready line of FIFO B is identically the Shift Out line of FIFO A. 
In the terminology we have been using, FIFO A is the “upper” 
FIFO and FIFO B is the “lower” FIFO. Although you do not 
normally need to be concerned about what happens when two 
FIFOs are hooked together for cascaded operation in this 
manner, since the “handshake” occurs quite automatically 
without the rest of your logic having to do anything to make it 
happen, it is an illuminating exercise to consider Figures 7 and 8 
together in this light and see why the cascading works. 


In the general case, both FIFO A and FIFO B are neither 
completely full nor completely empty. Thus, from the descrip- 
tion already given of FIFO internal operation, after some period 
of time there will be a significant piece of data in word 63 or 
FIFO A and a “one” in the presence bit for that word. Since the 
word-63 presence bit is what controls the Output Ready signal, 
the latter will at some point in time go HIGH, and at that same 
point in time the data word in FIFO A word 63 is present at the 
_ Output lines. Likewise, after some period of time there will be a 
vacancy in word 00 of FIFO B, and a “zero” in the presence bit 
for that word which in turn results in the Input Ready signal 
going HIGH. Remembering now that each of these Ready 
signals is in fact the respectively-opposite Shift signal for the 
other FIFO, it may be seen from Figure 7 that the conditions for 
inputting a word into FIFO B have now been met, and-from 
Figure 8 that the conditions for outputting a word from FIFO A 
and allowing the next available piece of data from somewhere 
further “up” in FIFO A to enter FIFO A word 63 have also been 


met. The time delays shown in both Figure 7 and Figure 8 from 
the event at 2 to the event at 3, and from the event at 4 to the 
event at 5A, are asynchronous internal-logic-determined times 
of the order of 4 or 5 gate delays, where the gates in question 
are high-speed-Schottky LSI internal gates and have sig- 
nificantly less propagation delay than the SS! gates you can 
read about in data sheets. ; 


After a single data word has made it across the interface from 
FIFO A into FIFO B, each FIFO from then on behaves in 
accordance with the operating rules already described, with the 
exact sequence of events depending on the rate at which new 
data words are input into FIFO A and the rate at which old data 
words are withdrawn from FIFO B. The net effect is that the 
combination of FIFO A and FIFO B with this hookup behaves 
almost exactly like a single integrated 128x4 FIFO. In fact, the 
“handshake” timing/control sequence for getting a data word 
from FIFO A across FIFO B is almost a replica of that which 
occurs within each FIFO, when the internal logic associated 
with word n interfaces with that associated with word n+1 for the 
purpose of allowing a data word to advance from occupying 
word n to filling a vacancy in word n+1. 


Returning now to applying the timing analysis shown in Figures 
7 and 8 to the case of FIFO A and FIFO B operating in cascaded 
mode, notice that each movement (rising or falling) of the Ready 
signal for one FIFO is activated by the movement in the opposite 
sense (falling or rising, that is) for the Ready signal from the 
other part. The two signals, ORA/SIB (meaning “Output Ready 
A” which is the same signal as “Shift In B”) and IRB/SOA, 
cannot both remain HIGH at the same time for more than a few | 
nanoseconds, since if they are both HIGH a data word will pass 


‘between the two FIFOs as already described. So, at the point 
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when both he sequence of events shown in Figure 7 and the 
ents shown in Figure 8 have been completed, and 
consequently ORA/SIB and IRB/SOA have both gone HIGH 
again, another similar sequence of events occurs for both FIFOs 
and another word is passed, and so forth. This process continues 
apace until either ORA/SIB sticks LOW, which can happen if 
FIFO A gets completely emptied out of data words and has 
“zeroes” everywhere in its presence track; or until IRB/SOA 
sticks LOW, which can likewise happen if FIFO B gets completely 
filled and has “ones” everywhere in its presence track. When 
such a deadlock situation occurs, it lasts until a new data word 
_ has been input into FIFO A and has had time to “fall all the way 
through” and settle into FIFO A word 63, or until the data word in 
word 63 of FIFO B has been read out and the resulting vacancy 
has had time to “bubble all the way back up” into FIFO B word 00, 
as the case may be. 


“wee? 


Various Uses for FIFOs 


The classical FIFO application, as already mentioned at the 
beginning of this paper, is that of matching the instantaneous 
data rates of two digital systems in a simple, economical way. 
One of the two systems may, for reasons of design economics 
or even of utter necessity, want to emit or absorb data words in 
ultra-high-speed bursts, whereas the other one may prefer to 
operate at a slow-but-steady data rate or even at an erratic rate 
which varies between ultra-slow and slow or even between slow 
and fast. No matter — it’s all the same to an asynchronous FIFO 
such as the 67401 or 67402, as long as the input rate and the 
output rate do match up over a long period of time so that it 
neither fills up nor empties out. 


There are, however, some additional uses for FIFOs which arise 
from other, rather different circumstances. For instance, your 
digital system may simply need some extra buffer storage 
scattered around locally at different points on your block 
diagram, and you and your system may really just not-care 
whether this storage is accessed on a random or on a queue 
basis. Under these circumstances, it is ordinarily less hassle to 
use a FIFO than to use a small RAM and come up with some 
extra logic to generate addresses and timing signals for it. Often 
the FIFO modus operandi is in fact the natural one for the 
application; as for instance when your system must accumulate 
a block of 64 characters and then run them by all at once in 
order to examine them for the presence. of some control 
character, using some scanning logic — or perhaps even a 
microprocessor — which is otherwise occupied most of the 
time. 


A less obvious but interesting application of FIFOs is as 
automatic “pus-watchers” for jump-history recording for hard- 
ware or even software diagnostic purposes. A FIFO whose 
inputs are connected to a minicomputer’s program counter or 
microprogram counter, or to a microcomputer's main address 
bus, may be operated so as to record every new jump address 
generated by the. program. This way, if at some point the 
hardware freaks out or the operating system crashes, a record 
‘exists of the last 64 jumps which were taken before the system 
was halted, assuming of course that you have provided some 
way for the system to sense that all is not well and halt itself. 
Such a record of jumps:can be very valuable in tracing out what 
happened just before everything went haywire. FIFOs may be 
used in this way either as part of built-in self-monitoring features 
in digital systems, or as part of various kinds of external test 
equipment. 


FIFOs may also be used as controllable delay elements for 


digital information which cannot be used immediately upon 
receipt — perhaps it must be matched against other information 
which is not yet available, or perhaps it must be synchronized 
with other streams of information which are out of phase by a 
varying amount. An example of the latter situation is deskewing 
several bit-streams off a parallel-format magnetic tape, which 
commonly has to be done when high. recording densities are 


_. used. One FIFO per bit-stream is required — but the net 


resulting logic may still be the most reliable and economical 
way to get the job done, when compared with other possible 


' digital designs. Another example is that of using FIFOs as data - 


memories in digital correlators; the lag in an autocorrelation 
operation can be set simply by controlling how many words are 
in the FIFO at one time, and so forth. There are even some 
applications in which it is advantageous to operate a FIFO with 
all of its input and output cycles synchronized, so that . 
absolutely all it does is to delay the data by some certain 

number of clock intervals. 7 
References (2), (3), and (4) are formal applications notes 

available from Monolithic Memories, which discuss FIFOs.from 

different viewpoints than this paper has taken. Each of them 

presents a more detailed explanation of one or more applica- 

tions than there has been room for here. Reference (2) is mainly 

an overall applications survey, reference (3) emphasizes digital 

communications, and reference (4) emphasizes digital spec- 

trum analyzers and also includes an overview of digital signal 

processing in general. 


“ALESS OBVIOUS BUT INTERESTING APPLICATION OF FIFOS ISAS 
AUTOMATIC ‘BUS- WATCHERS’ . 


References a - 
1. Bipolar LS! 1982 Databook, Monolithic Memories Inc. 


2. “First In First Out Memories... Operations and Applications,” 
applications note published March 1978 by Monolithic 
Memories Inc. A good survey with some thought-provoking 
ideas. | have to mention one error, however; one circuit 
diagram shows paralleled FIFO operation in the manner of 
that of Figure 6 in this paper, but without the use of the AND 
gates for the composite Ready signals. As | already warned 
you, that's dangerous. 


3. “Understanding FIFOs, ‘ applications. note published ip 
‘Monolithic Memories Inc. The author, Alan Weisberger, has 
also had a modified version of this note published as a_ 
magazine article, “FIFOs Eliminate the Delay when Data 
Rates Differ,” in Electronic Design, November 27, 1981. 
Despite the general title, the pene ison oe communi- 
cations applications. ; 


4. “PROMs, PALs, FIFOs and Multipliers Team Up to implement 
Single-Board High-Performance Audio Spectrum Analyzer,” 
applications note published by Monolithic Memories Inc. The 
author, Richard Wm. Blasco, also had this note published in 
Electronic Design i in two installments, in thei issues of August 
20 and September 3, 1981 under the titles “PAL Shrinks Audio 

~ Spectrum Analyzer” and “PAL Improves Spectrum ‘Analyzer 
Performance” respectively. 
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FIFO RAM controller 


tackles deep data buffering 


Buffering large amounts of data has long been a source of design 
headaches. Extra large FIFO buffers minimize system bottlenecks 
with an implementation as easy as it is cost-effective. 


feast are turning to innovative architectures to 
extend the performance of computer systems. 
Pipelining is one of these innovations. In pipeline 
architectures, data is buffered temporarily between 
a system’s processing elements. This allows these 
processing elements to work more efficiently. Since 
data transfers can occur asynchronously, designers 
can minimize bottlenecks in data paths and boost 
overall performance. 

Data buffering, however, is sometimes difficult 
and costly to implement. In multiprocessing and 
data communications applications, for example, 
designers encounter the problem of how to buffer 
large blocks of sequential data temporarily with 
minimum cost and trouble. Often, a few thousand 
to tens of thousands of words must be buffered. 

In multiprocessing applications, large blocks of 
data and instructions are passed between the 
various processors. Storing information between 
the processors for a short time lets a sender pass 
data on without waiting for a receiver to finish its 
current task, so the sender can more quickly move 
on to its next task. - 

For data communications applications, large 
blocks of data must be transferred from one node 
to another along a data channel. Temporary buf- 
fering on and off the data channel permits each 
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device in the network to work more efficiently. 
Data can be transferred to the buffer when ready, 
and the device is free to move on to the next task 
without waiting for the data channel to be free. 
Buffering large amounts of data, often called 
deep data buffering, can be accomplished through 
several methods. One technique, direct memory ac- 
cess (DMA), sets aside blocks of main memory as 
temporary data buffers. When a request for data 
transfer is received, the DMA controller interrupts 
the processor and takes control of the memory bus. 
The controller then moves the data into memory 
that has been allocated for temporary buffering. 
Looking at the advantages of this buffering 
method, DMA controller chips are relatively inex- 
pensive. Since they require little extra logic, the 
controllers are simple to implement. The DMA ap- 
proach, however, has several drawbacks. First, the 
processor is interrupted every time a data block 


operation. This greatly limits the ability of a DMA 
RESET STATUS CONTROL buffer to act as a pipelining element. 
The DMA approach is best suited for systems in 
which low cost is a top priority, and performance 
degradation, caused by interruptions to proeessors 
during the transfer of data, is tolerable. In effect, 


FIFO RAM designers opting for DMA trade overall system per- 
vO ROuEE SIGN formance, considerations about the rate and for- 
ADDRESS CLOCK mat of data and immediate access to information 


for inexpensive implementation and simple design. 


RAM approach eases bottlenecks 

Another approach to deep data buffering in- 
volves dual-port RAM devices. A dual-port RAM is 
placed along the data transfer path and acts as tem- 
porary storage for incoming or outgoing data. 
These devices overcome many of the limitations of 
DMA. Thanks to two independent ports, data 
transfers can be completely asynchronous and 
A FIFO RAM controller provides addressing, control simultaneous. Since one port can be isolated from 
and arbitration. In the 674219 buffer, only hand- the data bus, processors don’t have to hand over 
shaking, status flags and buffer control lines are control of the memory bus during data transfer. 
visible to the rest of the system. Using dual-port RAMs for data buffering does 
have its disadvantages; to work as a data buffer, it 
requires a lot of external and control logic. 
transfer request is made. To transfer data, the pro- { Counters, comparators and control logic must be 
cessor must hand over control of the memory bus. | added to make the dual-port RAM read and write 
When many data block transfers occur, system per- \ data sequentially and prevent buffer overflows and 
formance is severely degraded. Large blocks of \ underflows from occurring. This external logic can 


data degrade performance even more. add up to large amounts of valuable board real es- 
DMaA also limits rates and formats of data. Using tate and limits the data rate of the buffer. 
this technique, the maximum data rate is limited to Another disadvantage is cost. Dual-port RAMs 


the system bus data rate. Bursts of rapid datacan’t are 10 times the price of comparable conventional 
be directly accommodated. Besides, DMA opera- static RAMs; a I-k x 8-bit device costs $25 to $30. 
tion is synchronous with system operation, which Implementing a 4-k x 16-bit buffer will cost ap- 
means that all data transfers—both input and out- proximately $200 for the RAM device alone. 

put—must be synchronous with the system clock. A third method of buffering data uses first-in, 
Asynchronous data can’t be directly accom- first-out buffers between elements as temporary 
modated. Another drawback of DMA is that it storage sites. These FIFO devices store and output 
doesn’t allow for simultaneous input and output the data sequentially. Like dual-port RAMs, they 


VIDEO | | In a video teleconferencing 
IMAGE CAMERA DIGITIZER FIFO system, a video image with a 
DENS VEN ET 2: seer resolution of 1,024 x 1,024 pixels 
will generate 1 Mbyte of data 
per image. After a compression 
reepuons | cHANNEL of 32:1, there are 32 kbytes of 


LAN compressed data for each image. 
ISDN 19 KBITS/S 
10 12 MBITS/S 


For optimal system perfor- 
mance, the data is passed to a 
FIFO buffer to wait for trans- 

. mission along the data channel. 
DIS DECOMPRESSION 32 KBYILS The system is then free to begin 
processing the next image. 


_ VIDEO HEO 
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have two independent asynchronous ports. But one . 


port is dedicated to input, the other to output. 

FIFO buffers offer an extremely efficient ap- 
proach for data buffering. Virtually no external 
control is required since control and arbitration is 
performed with on-chip logic. Addressing is 
eliminated because data is sequential. The 
streamlined buffering afforded by FIFOs max- 
imizes the data rate, which makes this approach a 
natural for high-performance systems. 

For maximum data rate and design ease, FIFO 
buffers offer advantages over DMA and dual-port 
RAM methods. But the devices are geared for data 
buffering of shallow-to-medium depth. Large data 
blocks are buffered only by using an array of 
FIFOs, which requires large amounts of board 
space, making FIFO buffers too expensive and in- 
efficient for applications with large data amounts. 


FIFO RAM controllers tackle deep data 
When deep buffering is required, very large 
FIFO RAM buffers reduce the costs and space 
roblems of conventional FIFO techniques. 
Devices such as the 674219 FIFO. RAM controller 
from Monolithic Memories (Santa Clara, CA) can 
accommodate large amounts of data in high- 
performance systems. These devices provide the ad- 
ressing, control and arbitration logic that enables 
an array of RAMs to function as a FIFO buffer. 
One advantage of this kind of device is the large 
amount of data it can handle. Using inexpensive 
single-port static RAMs (or dynamic RAMs with 
additional external logic), designers can implement 
a fast, fully asynchronous buffer that can tem- 
porarily store from 512 to 65,536 words. In the case 
of the 674219 FIFO RAM controller, a perfor- 
mance of can be attained. During simul- 
eous input and output operation, a data rate of 


ang 


(6 MHz possible. 


With two registers for data latching, a few logic 
gates and a RAM array, these devices can replace 
any system function block calling for large data 
buffers. All of the control, arbitration and status 
logic is placed on a single device, greatly simplifying 
large FIFO buffer designs. Information about the 
buffer is provided by four status flags: full, empty, 
half-full and almost-full/almost-empty. The full 
and empty flags buffer overflow and underflow. 
When the buffer is full, attempts to write data into 


the buffer won’t be acknowledged. Data already in. 


the buffer, however, won’t be lost. Similarly, the 
empty flag prevents false data from being read out. 

Status flags also help increase the efficiency of 
buffers and optimize system performance. 
Together, the half-full and almost flags can in- 
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Two internal counters generate addresses for the .. 
RAM array to function in a first-in, ‘first-out 
manner. A third counter in the FIFO RAM controller 
generates status information with four flags: full, 
empty, half-full and almost-full (16 word locations to 
full)/almost-empty (only 16 words remaining). This 
counter is programmed by buffer-size select inputs to 
provide the proper status information for the buffer. 


dicate when the buffer is almost empty and trigger 


a signal to the source for more data. This ensures a 


steady stream-of data to the receiver. In systems 
where a receiver, such as a peripheral, is operating 
at a much slower rate than the source, such as a pro- 
cessor, the processor can send data in high-speed 
bursts to the buffer and then attend to other tasks 
while a peripheral accepts the data in a steady, 
uninterrupted stream. | 


Dual-pointer FIFO architecture | 
FIFO RAM controllers implement a RAM-based 


FIFO architecture, which uses two pointers. The 


write pointer contains the address of the next 
available location in the RAM array to be written 
and the read pointer has the address of the next 
location for data to be read. When either pointer is 
used to access the memory array, it’s incremented 
automatically to point to the next available loca- 
tion. When the pointer reaches the last location, it’s 
reset to zero and the procedure continues. 

A third counter provides status information, 
generates flag logic and prevents overflow 
and underflow. The -size select inputs pro- 
gram this counter to give the proper status informa- 
tion to the buffer. 


In the cycle of a typical system, the buffer is reset 
with the Master Reset (MR) pin. This sets the read 
and write pointers to zero and activates the empty 
flag. A write cycle is initiated by a Write Request 
(WREQ). The Write Ready (WRDY) line goes low, 
acknowledging the request. A Write Register Clock 
(WREGCK) pulse from the FIFO RAM controller 
latches the data into the write register. Data is then 
written to the RAM array at the address location 
provided by the write pointer. When the buffer has 
valid data, the empty flag will go low, indicating 
that a read can take place. The read cycle follows 
the same sequence as the write cycle. 

Since a FIFO RAM controller uses low-cost, 
single-port RAMs, arbitration is needed to resolve 
simultaneous read and write requests. On-chip ar- 
bitration logic determines which request is serviced 
first. The second request is acknowledged, but will 
not be serviced until the first request is completed. 

Conventional FIFO buffers are based on shift 
registers. Data is shifted from register to register to 
the top of the stack, and then to the output port. 
The time it takes for a word to move from the input 
port to the output port is called ‘‘fall-through,’’ 


and it is dependent on the depth of the FIFO buffer. 

By contrast, FIFO RAM controllers implement a 
RAM-based buffer. In this scheme, pointers are in- 
cremented as each read or write occurs. Since data 
doesn’t physically move, fall-through time is 
eliminated. What’s more, external control of the 
RAM array buffer is possible by disabling both the 
Write Enable (WEN) and the Read Enable (REN) 
to impose three states on the address lines from the 
FIFO RAM controller to the RAMs. 

By reducing the cost and space requirements of 
FIFO buffering, FIFO RAM controllers offer 
systems designers an efficient and cost-effective 
method to buffer large amounts of data. Using 
these devices, designers can minimize system 
bottlenecks in data paths and processing elements 
and can boost overall system performance. cD 
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PAL Devices, PROMs, FIFOs, and Multipliers 
Team up to Implement Single-Board 
High-Performance Audio Spectrum Analyzer 


This application note illustrates a high-performance audio spec- 
trum analyzer. This circuit can analyze high fidelty audio signals 
with a resolution of 20 Hz and an input bandwidth of 20 kHz. It is 
useful in production test, performance evaluation, or adjustment 
of high-fidelity audio equipment. The analyzer provides a sweep 
generator output for rapid analysis of audio filter frequency 
response. 


The design techniques used to implement the analyzer are quite 
general, and can be applied to a wide variety of DSP tasks. An 
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understanding of the approach used will suggest solutions to a 
number of DSP problems. The architecture chosen for the spec- 
trum analyzer is controlled by a microprogram stored in PROM. 
Many other applications can be accommodated by changing the 
microprogram. The high performance of this architecture pro- 
vides an attractive price/performance alternative to other DSP 
approaches. 
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PAL Devices, PROMs, FIFOs, and Multipliers 
Team up to Implement Single-Board 
High-Performance Audio Spectrum Analyzer AN-100 


Introduction 


_ This application note illustrates a high-performance audio spec- 


trum analyzer. This circuit can analyze high-fidelity audio sig- 
nals with a resolution of 20 Hz and an input bandwidth of 20 kHz. 
It is useful in production test, performance evaluation, or 
adjustment of high-fidelity audio equipment. The analyzer pro- 
vides a sweep generator output for rapid epee of audio filter 
frequency response. 


The design techniques used to implement the analyzer are quite. 
general, and can be applied to a wide variety of DSP tasks. An 
understanding of the approach used will suggest solutions to a 
number of DSP problems. The architecture chosen for the 
spectrum analyzer is controlled by a microprogram stored in 
PROM. Many other applications can be accommodated by 
changing the microprogram. The high performance of this 
architecture provides an attractive price/performance alterna- 
tive to other DSP approaches. 


Spectrum Analyzer Functions | 


The spectrum analyzer requires many of the functions com- 
monly used in DSP. Figure 1 shows the analyzer functions. An 
input signal is mixed with a swept audio sinewave » oscillator 
(below). 


Frequency Sweep 


The frequency sweep acts as a sampler, starting from DC and 
increasing to its maximum frequency. 


Mixing is accomplished by multiplying the input signal py the 
sinewave. From basic trigonometry: 


cos wit X cos wat = 1/2 cos (wi + wa)t + 1/2 cos (w4 -woa)t (1) 


The mixing process generates two new sinewaves whose fre- 
quencies are the sum and difference of the input sinewave 
frequencies. When the sinewave oscillator matches the fre- 
quency of an input signal component, a DC term is generated in 
proportion to the amplitude of that component: 


cos wyt X cos wit = cos@ wit = 1+ 2 cos wit 


The DC term is extracted by a narrow lowpass filter. Due to the 
finite bandwidth of this lowpass filter, mixer output signals 
whose frequencies fall within the filter passband also appear at 
the filter output. As a result, the analyzer output will represent 
the energy contained in a range of frequencies, from the sine- 
wave frequency minus the filter cutoff frequency, to the sine- 
wave frequency plus the filter cutoff frequency. The effective 
bandwidth of the analyzer is twice the lowpass filter bandwidth. 


input NeXER 
OUTPUTS 
SIGNALO-+{ > LOWPASS DETECTOR O VERTICAL 
FILTER 
DC-20 kHz 
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Figure 1. Spectrum Analyzer Functions 


DC-20 kHz 


OvVCO 


A detector converts the lowpass filter output to a DC voltage 
representing the total energy in the filter passband. If this DC 
voltage is plotted on a vertical axis with the sinewave oscillator 
frequency (represented by the sweep voltage) controlling the 
horizontal axis, a spectrum of the input signal results. 


Other mixing schemes can be used to.extract the spectrum. 
However, this “direct conversion” approach has two significant 


_ advantages. As shown in Figure 2, the swept oscillator output can 


be used to plot the frequency response of an audio filter. Other 
schemes require additional mixing to achieve the same results. 
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Figure 2. Filter Test Mode Setup 


The direct conversion scheme confines the frequencies of all 
signals following the mixer to the lowpass filter bandwidth. 
Limiting the signal bandwidth has great benefit when the 
analyzer is implemented digitally. This benefit can be better 
understood with a brief review of DSP theory. 
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Audio Spectrum Analyzer 


Digital Signal Processing 
Theory Review 


Digital signal processing is accomplished by first converting the 
continuous analog input signal to a series of digital numbers. 
The digital numbers are then manipulated to perform the 
required signal processing. The processed digital numbers are 
then converted back to a continuous analog signal, completing 
the processing. The functions required for DSP are shown in 
Figure 3. 


ANALOG -—— DIGITAL 


ALIASING 
FILTER 
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Figure 3. DSP Functions 


® © 


Representing a continuous input signal would require an infinite 
array of digital numbers. A finite collection of digital numbers 
can be obtained by considering the signal amplitude at discrete, 
periodic points in time. This process is called sampling, and is 
equivalent to multiplying the input signal by a periodic train of 
impulses of unit amplitude. The sampling theorem states that 
the input signal can be reconstructed without distortion if the 
input is bandlimited to contain no frequency components 
greater than half the sampling frequency. The sampling theorem 
means that the discrete samples completely represent the input 
signal, as long as the bandwidth constraint is met. 


Aliasing 
What is really happening during the sampling process? Consider 
the Fourier series representation of a periodic unit impulse train. 
It can be shown that: 
k =o 
f(t) = S$ cos (2k fgt), k = 0, 1, 2, 3,... 
hc (2) 
, 

sample period 
The periodic impulse train is equivalent to a series of sinusoids 
consisting ofall harmonics of the sampling frequency, including 
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Figure 4. Aliasing Spectra of Figure 3 DSP Functions 
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FILTER 


a DC term. Recalling Eq. (1) all possible sum and difference 
frequencies will be generated when the impluse train and the 
input signal are multiplied. This process is shown graphically in 
Figure 4. Observe that if the input contains frequencies greater 
than half the sampling frequency, the spectra in Figure 4 will 
overlap. This overlap phenomenon is known as aliasing distor- 
tion, and introduces noise in the signal. 


Another consequence of the sampling process is that high- 
frequency signal components near a harmonic of the sampling 
frequency will be mixed to produce new signal components near 
DC. These new components have frequencies within the desired 
signal passband, but are really “alias” high-frequency compo- 
nents. The phenomenon is called aliasing. 


To eliminate the undesirable effects of aliasing, a continuous 
analog lowpass filter is placed before the sampler. This aliasing 
filter removes frequency components beyond the f,/2 limit. 


Quantizing 


The input samples are converted toa series of digital numbers by 
an analog-to-digital (A/D) converter. The A/D converter operates 
by quantizing the continuous sample amplitude into a finite 
number of amplitude ranges, and then assigning a digital 
number to represent the quantized amplitude value. As might be 
expected, this process introduces noise in the signal, known as 
quantization distortion. The quantization distortion is in the form 
of a “white” or broadband random noise, whose RMS ampli- 
tude is: 


2. 15-2b 
O = 352 (3) 
where b is the number of bits in the output 
digital word, excluding the sign bit 


The effect of aliasing on quantization noise is to alias high 
frequency noise components to the DC to fs/2 range. The result- 
ing noise spectral density is equivalent to a white noise of ampli- 
tude o2, bandlimited to f,/2. 


Dynamic Range 


The A/D output contains a finite number of bits. Dynamic range 
is. defined as the ratio of the maximum-to-minimum signal 
amplitude that can be represented by the digital numbers. 
Dynamic range is determined by the number of bits in the digital 
numbers, and by the noise “floor.” 


For a digital number containing b bits plus a sign bit, the 
dynamic range would be: 


Dynamic range (dB) = 10 logy 972b (4) 
The noise floor is the sum of all noise components that can 
appear at the DSP output. The primary noise factors are 
quantization noise and limit cycle noise (to be discussed 
shortly). Digital filtering will affect the noise floor by eliminating 
components of the noise signal. For example, the quantization 
noise at the DSP output is: 


Ng (dB) = 10 logy [° ~ (5) 


where BW is the net bandwidth of the digital filters 


The noise components are uncorrelated, and are therefore 
combined by adding the power of each noise component. 
Remember that 


Power (absolute) = logyg [ Power (aB)/10 | (6) 
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The resulting dynamic range is: 

0.5 

dB 10 lo —_ 
i" 510 x Noise Power 


| where 0.5 = the maximum mean-squared amplitude 


Dynamic range ( 


The overall dynamic range is the.lesser of the result given by Eq. 
(4) or Eq. (7). In a practical system, the width of the digital 
numbers can vary. The dynamic range is usually calculated for 
all critical points in.a digital system, with the overall dynamic 
range being the worst case value. 


Digital Processing 
The digital numbers from the A/D converter are manipulated to 


process the signal. Carrier generation, filtering, and nonlinear 
operations are performed by appropriate “number crunching”. 


Generation of sinusoidal carriers is easily accomplished using a 
linear ramp function (digital up/down counter) and converting 
the results to sinusoidal samples using ROM lookup tables. 
Alternately, recursive equations can produce the desired carriers. 


Nonlinear operations on the digital numbers must be handled 
with care. Since aliasing is always present in the sampled 
domain, harmonics generated by nonlinear operations can alias’ 
to lower frequencies. The aliasing occurs “immediately,” since it 
can be shown that performing a nonlinear operation in the 
sampled domain is equivalent to first performing the nonlinear 
operation on a continuous signal and then sampling the result 
without bandlimiting the sampler input. 


The sampling rate can be changed to improve the efficiency of 
the digital processing. For example, discarding every other 
digital number would reduce the effective sampling rate by a 
factor of two. If the processing at the higher sample rate 
includes digital aliasing filters to remove components greater 
than half the lower sample rate, the requirements of the: 
sampling theory are still met. The sampling rate can be 
increased by repeating digital sample values. This repetition is 
equivalent to a “sample and hold” operation, and modifies the 
signal spectrum by 

F’ (jw) = F (jw) < SIN (wT/2) 

wT/2 (8) 
where w= 27 X freq 

T= input (longer) sample period 
The effects of changing the sampling rate are best determined 
by plotting the resulting aliasing spectra. : 


Digital Filtering 
Digital filtering is accomplished using multiplication, addition, 
and delay. For example, consider the biquadratic filter section 
in Figure 5. If z”| is defined to be a unit sample period delay 
operator, then the pure outa transfer function of the 
piquagrati¢ section is: 

1+ az! # az 

H(z) = we” are (9) 

1+b4z + boz 
The biquadric sections can be cascaded to implement higher- 
order filters. | 


The Laplace transform of a unit delay is eST where T is the 
delay period. Remember that z~1 represents an inverse opera- 
tor, so that z X zl = 1, Thus, 


z=e 5! wheres=a+ jw | (10) 


Xn YN 


XX N-2 
X'N = Xy -b1X' N-1 — b2X' N-2 
YN = X'n +81X’ N-1 + 82 X'N-2 


Figure 5. Digital Biquadratic Filter Section 


Digital filter poles and zeroes (in the z-plane) can be mapped 
into the s-plane to determine, the equivalent analog filter 
function, and vice-versa. The digital filter section of Eq. (9) 
corresponds to an analog biquadratic filter section with, 


2 oe 
s“+a,w,.S+W 
oC at (11) 
s~ + a4 W4 st Wy 
However, the periodic nature of the eST function causes the 
digital filter passband to repeat periodically. The effect is the 
same as aliasing. The analog filter response is mixed with the 
sampling frequency harmonics to generate the true digital filter 


response. 


Designing Digital Filters 


How does one go about designing a digital filter? One approach 
is to perform a least mean squared error Optimization using a 
computer. The desired function is specified, and the computer 
adjusts the a, and b, values until the desired response is 
achieved. 4 


A second approach is to design an equivalent analog filter and 
then convert that design to a digital filter. This approach has 
great merit, since analog filter design theory is well developed. 
However, the digital passband will be distorted if the analog 
equivalent filter has significant response to frequencies greater 
than f,/2. The aliased passbands overlap at that point. 


To circumvent this problem, the analog filter function can be 
modified to compensate for the aliasing effects. The analog 
transfer response is modified using several transforms to 
compensate for aliasing. Unfortunately, the nature of the 
s-plane to z-plane mapping is such that no transform can 
compensate for all aliasing effects without introducing other 
forms of distortion. . 


The standard (or impulse invariant) z-transform represents a 
direct mapping to the z-plane. No frequency, amplitude, or 
phase distortion is introduced, but aliasing effects are not 
compensated. This transform should be used when the analog 
filter has negligible response to frequencies greater than fo/2. 


The bilinear z-transform preserves the filter amplitude response 
in the presence of aliasing. However, the bilinear transform 
introduces a distortion or warping of the frequency axis. As a 
result, only the filter cutoff frequency can be accurately trans- 
formed, using a pre-warping technique. Frequencies within the 
filter passband remain warped, introducing phase distortion in 
the digital filter response. The bilinear transform is used when 
the filter amplitude response is more critical than the phase 
response. eo , 
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. The matched z-transform preserves the filter phase response at 
the expense of amplitude response distortion. However, this 
amplitude distortion, unlike the aliasing distortion, can be 
corrected by placing additional zeroes in the transfer function. 
The matched transform is used when the filter phase response is 
Critical, and either the amplitude response is not critical or the 
additional compensation zeroes can be accommodated. 
Performing the transforms by hand is quite tedious. Fortunately, 
computer programs are widely available which handle the 
complete filter synthesis procedure, including z-transforms and 
pre-warping. 


Limit Cycle Noise 


An effect of using digital numbers with a finite number of bits is 
the generation of quantization noise. When implementing digital 
filters, the quantization noise introduces oscilaltions that are 
analogous to ringing in analog filters. These oscillations are 
called limit cycles. The limit cycle generates a noise which peaks 
at frequencies corresponding to the filter pole frequencies. The 
noise power is roughly proportional to pole Q. Limit cycle noise 
for a second order filter section of Equation (11) is given by: 


2,-eb1+r® ' 
12 1-124 41-26 2.008 2w 


Nj (dB) = 10 logyo( (12) 


where b = number of digital number bits (excluding sign bit) 
pole freq. = wy 
pole Q = 1/a, 


pole freq. —W 
= Wnr—————— 


fg : “EXP Oe ole O 


) 


The limit cycle noise must be calculated for each complex pole 
pair, and adjusted to reflect the response of subsequent filter 
Stages to the limit cycle frequency. Computer programs can 
calculate limit cycle noise power, including all of these considerations. 


Output Signal Reconstruction 


Once manipulation of the digital sample numbers is complete, 
the resulting digital numbers must be converted back to a 


continuous analog signal. Referring back to Fig. 3, a digital-to- 
analog (D/A) converter transforms the digital numbers to a 
series of analog output pulses. 


A sample-and-hold (S&H) circuit eliminates transients that are 
introduced during the D/A conversion process. The spectrum of 
the S&H output is modifed as follows: 

t sin (wt/2) 


S&H F' (jw) = F(jw)= ———e 


where t = hold time T = sample period 


An output smoothing filter completes the reconstruction by 
removing all components with frequencies greater than fs/2. 
The smoothing filter is often optional, depending on the impor- 
tance of removing the high-frequency output components. 


The spectral effects of reconstruction are shown in Figure 4. 


Implementing the Spectrum Analyzer 


The architecture used for the spectrum analyzer is shown in 
Fig. 6. Input signals are digitized and buffered with FIFOs before 
interface with a common 16-bit data bus. The 16-bit arithmetic 
unit (AU) provides multiply and accumulate operations. A 16-bit 
wide RAM stores intermediate results. A 16-bit temporary 
register facilitates zl delays and data movement. Outputs 
are provided using a D/A converter and S&H circuits. 


The VCO output is buffered using FIFOs to provide a uniform 
high-speed sample rate. The VCO output is 12 bits wide, 
providing a signal-to-quantization noise ratio of 91 dB, using 
Equations (5) and (7). The calculation assumes a 500-Hz band- 
width. A smoothing filter at the VCO output is not necessary. The 
filter test configuration of Figure 2 allows the input aliasing filter 
to remove the effects of VCO high-frequency components, as 
long as the filter under test is a linear analog circuit. 

The vertical and horizontal outputs are intended to interface an 


oscilloscope or X-Y plotter. The sampling of these outputs can 
be non-uniform, as long as the outputs track each other. The 


elastic storage at the input and VCO interfaces permits arbitrary 


non-uniform processing of the analyzer functions. 


The 16-bit resolution of the internal data word provides 90-dB 
dynamic range according to Equation (4), or 115-dB dynamic 
range according to Equations (5) and (7), assuming 500-Hz 


- bandwidth and no limit cycle noise and aliasing. 
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Figure 6. Analyzer Architecture 


Microprogram control was selected for the analyzer. PAL devi- 

ces can efficiently implement sequential state machines. It is 

possible to encode all control information in PAL devices, but 

only three packages would be saved (one PROM and two 

| buffers). Distributing the control among several PAL devices 

| | would reduce flexibility and make corrections very difficult. The 

| = _ few extra packages required for microprogram control provide 

an extremely flexible architecture and greatly simplify the PAL 
device functions. 
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With the theoretical background and architecture in mind, the 
spectrum analyzer functions can be defined in detail. The objec- 
tive is to realize a circuit capable of high-resolution analysis of 
audio signals in the DC to 20-kHz range. Selectable bandwidth 
and linear/logarithmic output display are highly desirable. 
Detailed functions are shown in Figure 7. 
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Figure 7. Detailed Functional Diagram 
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Input Aliasing Filter 


An analog lowpass filter removes high-frequency components 
from the input signals. With a sample frequency of 50 kHz anda 
maximum input frequency of 20 kHz, the lowest aliasing fre- 
quency is (50-20) = 30 kHz. 


An eighth-order Chebychev filter with 0.1-dB asebana ripple 
will provide 44 dB of attenuation at 30 kHz, and 86 dB attenuation 
at 50 kHz. It is desirable to provide at least 60-dB overall dynamic 
range for high-performace analysis. To eliminate spurious 
responses above the -60-dB “floor,” the input signal should have 
all Components above 30 kHz suppressed by at least (60-44) = 
16 dB. Most input signals will meet this requirement. If not, 
additional filtering must be provided. 


S&H and A/D Converter 


The input S&H maintains a constant sampled signal level while 
the A/D conversion is in progress. No sin X/X correction is made 
for this S&H since the net effect of the S&H plus A/D action is an 
impulse sample at the start of the “hold” period. 

The A/D conversion time should be less than 16 us. The A/D 
converter output digital number should “saturate” when the 
input signal exceeds the maximum level. The digital numbers 
should be in inverted two’s complement form. The S&H 
acquisition time should be less than 4 us. 


For a full 60-dB overall dynamic range, a 12-bit A/D is required. 


Mixer 


The mixer multiplies the A/D output by the swept sinewave, 


oscillator value. The multiplication produces sum and difference 
frequencies, according to equation (1). 


Two's complement fractional arithmetic is used taroueheut the 
analyzer. Multiplication cannot overflow, since all numbers are 
less than 1 in magnitude. 


Swept Sinusoidal Oscillator (VCO) 


A precision swept sinusoid from DC to 20 kHz must be 
generated to mix with the input signal. A technique particularly 
well suited to this application is solving the two equations: 


sin (x+y) = sinx cos y+ cos x siny (13) 
cos (x+y) = Cos x Cos y- sin x sin y (14) 


These two trigonometric identities generate a new sin and cos 
value with y representing the phase shift per sample period. The 
technique is a “CORDIC” algorithm, based on coordinate 
rotation. Exact results are produced, but truncation and round- 
off errors due to the finite digital word length can cause a slow 
change or “drift” of carrier amplitude. Fortunately, the swept 
sinusoid is periodically reset in the spectrum analyzer, arresting 
this amplitude drift. 


The VCO frequency is swept by varying the value of y. However, 
since equations (13) and (14) require sin y and cos y, an identical 
CORDIC algorithm is used to obtain these values. To sweep the 
VCO, then, sin.\ and cos. are placed in RAM, selected by the 
bandwidth setting. These are two fixed numbers originally stored 
in PROM, and represent the frequency shift per sample time. 
Equations (13) and (14) are then applied to calculate:sin y and 
cos y, which represent the desired phase shift per sample time. 
Equations (13) and (14) are executed again to generate the 
actual sinusoidal output. 


The calculation of sin y and cos y can take place at a reduced 
sample rate to save processing time. Only the last execution of 
equations (13) and (14) must be performed at the full 50-kHz 
sample rate. 


A linear ramp is generated to provide horizontal drive for an 
oscilloscope or X-Y plotter. The ramp is incremented each time 
the sin y and cos y values are updated, tracking the VCO sweep. 
When the ramp value overflows, the analyzer sweep cycle is re- 
initialized. 


-b9/2 


Figure 8. All-Pole Digital Filter Section 


Digital Filters 


Fig. 8 shows the implementation of the all-pole digital filter 
sections. Because of the low pole Q values in all filters, the 
second order sections can be simply cascaded to implement 
high-order filters. Fig. 8 shows .a technique for handling 
coefficients greater than 1 with fractional number representa- 
tion. 


Scaling must be performed to ensure maximum dynamic range. 
Filter sections with high-Q poles will show peaking of signals 
near the pole frequencies. The input to such sections must be 
scaled down to prevent overflow of the arithmetic. For a second- 
order all-pole section, this peaking factor is exactly the Q of the 
poles. Thus, when a given second-order section has a pole Q of 
2, the input signal to that section must be multiplied by 0.5 to 
prevent overflow. When the Q is less than or equal to 1, no 
scaling is performed. i 


Saturation arithmetic is not provided in this architecture. Careful 
scaling eliminates the need for saturation arithmetic, since the 
A/D will saturate at a precisely known value. 


Aliasing Filters 


Two 4th-order Chebyschev filters permit reduction of the 
sample rate following the mixer. Each filter provides 0.3 dB 
passband ripple and at least 68 dB attenuation of aliasing 
components. The slightly high passband ripple is acceptable, 
since subsequent filters will dominate the composite passband 
shape. 


The first filter permits a sample rate reduction factor of 16. It is 
designed with a passband cutoff frequency of 479 Hz and a 
sample rate of 50 kHz. Eq. (12) predicts the limit cycle noise for 
this filter to be -58 dB. : 
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The second filter permits a second sample rate reduction factor 
of two. Its cutoff frequency is 219 Hz, with a sample rate of 
3.125 kHz. Equation (12) predits the limit cycle noise for this filter 
to be -83 dB. This filter also provides an additional 14-dB 
attenuation of the limit cycle noise generated in the first aliasing 
filter, reducing the limit cycle noise from the first filter to -72 dB. 


These two filters permit an overall f, reduction factor of 32 
before processing the Bessell filter, detector, and linear-to-logo 


functions. This results in a very substantial throughput improve- - 


ment. Net execution time is determined by the time to execute a 
given function multiplied by the sample rate for that function. 
Thus 32 instructions at the reduced rate will increase the net 
execution time by an amount equivalent to only 1 instruction at 
the full sample rate. 


Fig. 9 shows the aliasing spectra of the sample rate reduction 
process. 
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Figure 9. Aliasing Spectra for f, Reduction 


Lowpass Filter 


A 4th-order Bessel lowpass filter determines the overall band- 
width. of the analyzer. The overall bandwidth is twice the 
bandwidth of this filter. Overall bandwidths of 20, 50, 100 or 500 
Hz are provided by loading the proper set of filter coefficients 
into RAM when the bandwidth is selected. 


The Bessel filter provides an optimal transient response for the 
analyzer. Good transient response is important, especially at 
narrow bandwidths, since the spectral peaks are swept with 
respect to the fiter passband. The net effect is similar to pulsing 
the filter input. Because the phase response is critical, the 


matched-z transform is used to convert the analog Bessel design 


to the z-domain. 


The second aliasing filter provides 3 dB of attenuation at 250 Hz. 
When cascaded with the Bessel filter, which also provides 3 dB 
attenuation at 250 Hz in the 500 Hz bandwidth mode, the 
response at this bandwidth is modified. However, since the 
overall bandwidth is relatively broad, good transient response is 
still achieved. Cascading these two filters provides a “transitional” 
fitter with a Bessel response at low attenuation and a 
Chebyschev response at high attenuation. At bandwidths less 
than 500 Hz, the combination produces an optimal tradeoff 
between transient response and resolution. 


Analysis of Equation (12) reveals that limit cycle noise increases 
exponentially as the pole frequency is reduced. Operating the 
lowpass filter at the lowest possible sampling frequency (1.5625 
kHz) minimizes limit cycle noise, in addition to improving 
throughput. Limit cycle noise for the lowpass filter will be -95 dB 


at the 500-Hz bandwidth, increasing to -67 dB at the 20-Hz 
bandwidth. . | 


Detector | 
A square-law detector provides a DC signal corresponding to 
the energy at the lowpass filter output. From trigonometry: 


2 _ Ae 
(A cos wt)* = =) (1 + cos 2wt) (15) 


The detector output contains the desired DC term and a single 
undesired term at frequency 2w. If the square law is ideal (easy 
in the digital domain), no additional terms are produced. The 
elimination of harmonics ensures the accuracy of the detector 
with f,/32 = 1.5625 kHz. The highest component is always less 
than f,/64 with a 250 Hz maximum lowpass filter cutoff 
frequency. However, 2w can be anywhere from DC to 500 Hz as 
the VCO sweeps past the spectral component. 


AVCO = BW/n 
AHARMONIC = 2BW/n 
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Figure 10. Detector Sweep Filtering 


Fig. 10 illustrates a technique to render the effects of the 2w 
terms negligible. The analyzer passband is divided into n equal 
intervals. The VCO sweep rate is controlled so that the VCO 


_ sweeps BW/n per f,/32 interval. The detector is followed by a 


single-pole lowpass filter with a 3 dB frequency of BW/n. As the 
VCO sweeps a component through the passband, the DC term is 
present in all n intervals, but the 2w term. can affect only one 
interval. The worst-case DC error is 1/n for an ideal cutoff, and 
is multiplied by (20+271 +273 +24 +275 +9755 49-6 4+ 
9-65 49-7 49-7254...) = 1.85 due to the finite 6 dB/octave 
rolloff of the single-pole filter. Further analysis reveals that: 


1.85 


rary ae (16) 


where e represents the resulting error in dB. For e = 0.1 dB, 
n = 80. 


In the filter test mode, the signal frequency and VCO frequency 
are the same, forcing w = 0. The detector has no error in this 
mode, but has a 3 dB gain due to the second DC term. 

The detector output represents signal energy. Each bit in the 
detector output word thus represents only 3 dB, and 21 bits are 
required to reflect a 60 dB dynamic range. Double precision 
arithmetic is required for the detector ouput and the single-pole 
filter. The 67C7560 multiplier will handle double precision calcu- 
lations with a time penalty. Fortunately, the calculations to be 
performed are simple and the operations take place at the 
minimum sample rate, reducing the impact on throughput. 


Linear-to-Log Conversion 


The architecture of Figure 6 is customized to provide an efficient 
algorithm for linear-to-logarithmic output conversion. The RAM 
address generator monitors the 8 MSBs of the data bus, and can 
provide a number indicating the MSB position of a positive 
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number. This output ts used to retrieve a lookup table value. 
This value is used to scale the data word to quickly left-justify 
the MSB. A second 4-point lookup table is then used to improve 
the accuracy of the resulting logo conversion. A logs con- 
version is adequate, since: 

logy xX 


l0og4,x = -———— (17) 
©9410 1og910 


Equation (17) demonstrates that the output can be displayed in 
decibels by setting the oscilloscope or X-Y plotter Y-axis gain to 
the proper value. 


Two lookup tables provide .027 dB accuracy for output values 
from 0 to -45 dB, and 3 dB accuracy from —45 to -84 dB. The 
logarithmic accuracy is limited by the 10-bit output word length 
to the D/A. This output can represent 0 to —84 dB in .082 dB 
increments. The accuracy of the 4-point lookup is therefore 
sufficient. 

The logarithmic conversion procedure is as follows: 

1) If the MSB of the data word is not among the 8 MSBs into the 
address generator, multiply the word by gl = 128, and 
increment the output number by 7. Repeat until the data 
word is greater than 7 ae but no more than three times. 
Set a flag if this step is executed more than once. 


2) Look up the appropriate scale factor, from 29 to 26 Add 
logy of the scale factor to the output word. The conversion 
is now accurate to 3 dB. 


3) If the flag was not set during step 1, multiply the data word 
by the scale factor to left-justify the MSB position. 


4) If the flag was not set during step 1, retrieve an intercept 
and slope value from the 8-word lookup table (four pairs 
available). Perform a linear interpolation using: 


' 


x =axt+b 
where ais the slope value (18) 
bis the intercept value 
The conversion is now accurate to .027 dB. 


5) Scale the result to provide 84-dB output range with a 
10-bit word. 


6) Subtract 2-1 from the output to convert it to two’s com- 
plement form for the D/A. 


The calculations are double precision for steps 1, 2, and 3, and 
single precision thereafter. The conversion sequence can be by- 
passed using a strap option to provide a linear amplitude output 
from 0 to -30 dB. 
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Figure 11. Simplified Schematic Hi-Fi Audio Spectrum Analyzer 
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Control Logic 


Figure 11 shows a simplified schematic of the analyzer. All 
critical components are shown. Bypass capacitors and some 
component input connections are omitted for clarity. 


The microprogram is stored in three 635281 PROMs. The 
microcode word formats are shown in Figure 12. A wide, highly- 
parallel instruction word ensures maximum flexibility and pro- 
gram efficiency. 


Eight PAL devices interpret the instruction word and control the 
analyzer. Two additional PAL devices generate a 50-kHz strobe 
from the 8-MHz master clock, and implement the output D/A 
multiplexer. The control PAL devices function as follows: 


Sequencer: A PAL20X8 implements an 8-bit instruction sequen- 
cer. The sequencer performs the following operations: 


c s IE fe 
- . ‘1a 
la 2 = iz vy @ 8 
TYPE 1 
CONSTANT 
AU = a a. 
INSTR = 3 


AU LOAD 
ENABLE R 
STORE TE 
ADDR EN 
CONSTANT 
(LSB) 


TYPE 2 


eo in owe ee eee eee 
LOAD LOOP CTR 


AU = & 


o SEQ 
INSTR = $ 


CNTRL 


AU LOAD 
CONSTANT 


ENABLE RA 
STORE TE 
ADDR EN 


TYPE 3 


0 


° 7-6 (OK x< x< x< 
oO Oo 0 OO OO ”9 


X Operation 


Cc 

-X Increment by 1 (execute next instruction) 
0 Increment by 2 (skip next instruction) 
0 
0 


Jump to address 
No increment (repeat current instruction) 


+30 0/9 


co 
) 

4 
) 
1 


The CX input conditions the sequencer. Conditional 
branches or skip operations can be implemented. The 
sequencer will increment if the conditional requirement is 
not met. ; 


Condition detector: A PAL16C1 monitors up to twelve status 
flags, and generates CX. The microcode word includes a 4-bit 


3 
2 


r °o 


x £ 8 Pe € € & Me oe: oe 
oO oO 989 9 .9 


x< | a. a a 
6) > co) ©) Oo 


CONSTANT VALUE 


(MSB) 


CONDITION a JUMP/LOAD a 
2 VALUE a) 


CONDX EXEC 
JUMP/LOAD LC 
‘LOAD LC 
DECREMENT LC 


ea ges Me ee ee et le 
MODIFY 


AU = 
INSTR 


SEQ 


a. [ee] 
= $ CNTRL 


AU LOAD 
CONSTANT 


ENABLE RA 
STORE TE 
ADDR EN 


TYPE 4 | 
DATA MOVEMENT 
| AU Ss 2 @ & SEQ 
INSTR = gs 


AU LOAD 


ENABLE RA 

STORE TE 
ADDR EN 
‘CONSTAN’ 


CNTRL 


ADDR 


a ADDR 
VALUE 4 


CONTROL 


CONDITION o 9 


CONDX EX 
JUMP/LOAD L 

(MSB) 

TEST STRAPS 


x) Fo & EE QR ® 
S$ E N 


. o 

CONDITION o 9 28 5 8 EN 2 
xs QO fa af ec a. > Ww wi cd 
x OO f< & > w - f= & 
Sz 2* $F aes & 
of ¢@ te 2> §$ F&F Ga QB 

Oo oO £ 32 F&F 
_ Ww ae 

> o 3 


a Figure 12. Microinstruction Word Formats 
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condition word, CX0 through CXx3. CX will be zero under the 
following conditions: 


CX3 CX2 CX1 CXO0 Condition for CX = 0 


0 0 0 0 Always (unconditional operation) 
0 0 0 1 Sample strobe (SS) = 1 

0 0 1 0 AU overflow (OVF) = 1 

0 0 1 1 AU busy (AUB) = 1 

0 1 0 0 Input sample ready (INR) 

0 1 0 1 Loop counter timeout (ELC) = 0 
0 1 1 #O LLE=1 

O 1 1 1 Address control (AC3-ACO) = 

1 0 0 O ACO=0 

1 0 0 1 ACO =1 

1 0 1 0 AC1=0 

1 0 1 1 AC1 =1 

1 1 0 O AC2=0 

1 1 0 1 AC2=1 

1 1 1 0 AC3=0 

1 1 1 1 AC3=1 


The assignment is made using the flexible PAL device coding, 
and is optimized for the analyzer. The user can select a different 
set of conditions by reprogramming the PAL device. 


When the microcode represents a constant (Type 1 microinstruc- 
tion — see Figure 12) the CON input forces CX = 1 to suppress 
conditional operations. CX is also used to suppress certain 
strobes in the analyzer, providing conditional arithmetic 
Operations. 


Loop counter: A PAL16R6 implements a 6-bit programmable 
down counter. This counter controls iteration loops and provides 
a timeout signal to the condition detector. The counter is preset 
via a Type 2 microinstruction, and can be decremented by other 
Type 2 microinstructions. The counter will halt when zero count 
is reached. Up to 64 iterations can be accommodated with 
minimal overhead. 


Address control: A PAL22V10 provides indexed addressing for 
the 32x16 RAM, and analyzes the eight MSBs of the data bus for 
conditional operations. If D15 represents the data bus sign bit, 
then OP1-OP3 will provide the following functions: 


OP3 OP2 OP1 AC3-ACO Output Function 
Clear (0000) 


Increment 

Decrement 

Preset to D15-D12 (Sign + 3 MSB) 
Preset to D14-D11 (4 MSB) 

Preset to D11-D8 (Address load) 
MSB position © 

No change 


oO 


—a -— 4 i OOOO 
~-=- O 0 = + oo 
a Oa o.oo u 


The ADE input enables a change in the address word. The 
address word will not change if ADE = 1. 


The MSB position function indicates the position of the MSB for 
positive numbers. AC3 represents sign bit D15. This output 
should be zero. AC2-AC1 represent the position of the first 1 
following the sign bit. Code 0000 indicates that D15-D8 are all 0. 


Input/RAM control: Miscellaneous FIFO input and RAM control 
is provided by a PAL 10L8. The 67401 FIFO includes input ready 
(FIR) and output ready (FOR) signals, which are latched using 
the input/output shift clocks to generate two flags. The first flag 
(FR) resets the FIFO when input ready (latched) goes low, 
indicating the FIFO capacity is exhausted. The latched output 
ready signal flag represents input sample ready (INR). The INR 


flag is used as a Sequencer condition to synchronize wait loops. 
Use of the FR and INR flags maintains proper fill of the FIFO. 


The RAM address LSB (AO) and read-write line (R/W) are 
decoded and latched. These signals are provided directly by 
Type IV microinstructions. 


Notice that a clocked register function .requires two PAL 
combinatorial outputs per bit, while a transparent latch function 
requires only one PAL output per bit. 


Arithmetic unit control: The variety of functions listed in Table3 
indicate the utility of the arithmetic unit (AU). A PAL16R6 pro- 
vides simplified control of the AU. 


The PAL devices and AU load signal provide conditional arith- 
metic operations. Gating the load input will suppress the start of 
a new arithmetic operation. When CXE is high, the operation is 
performed unconditionally. Wnen CXE is low, the operation is 
performed only if CX is low. Combining conditional jumps and 
conditional AU operations provides a high degree of program 
flexibility. 


The PAL device monitors the AU instructions and generates a 
busy signal (AUB). A counter in the PAL device keeps track of 
variable-length operations to provide the correct output for any 
instruction sequence. The AUB signal conditions the sequencer 
to synchronize the microprogram to the AU operation. Microp- 
rogramming is simplified as a result. 


The PAL device also gates the input FIFO shift out clock (INS) to 
eliminate transients while providing a full 125-ns pulse for proper 
FIFO operation. 

Data strobe generator: A PAL10L8 provides a number of 


transient-free, gated strobes. These strobes provide control of the 
analyzer data flow. The PAL device interprets the microinstruc- 


‘tion to determine the proper microinstruction type, and gener- 


ates the strobes accordingly. 


The PAL device also generates an 8-MHz buffered clock, as 
shown in Figure 11. The crystal oscillator circuit provides inde- 
pendent AC and DC feedback, eens reliable operation with 
the PAL device. 


Strap/output sample control: A PAL16L8 generates additional 
control strobes for the output sample-and-hold circuits. 


The PAL device also provides a tristate buffer function, connect- 
ing control straps to the data bus for certain conditional jump 
operations. Two straps select the desired analyzer bandwidth/ 
sweep rate, and the third strap selects linear or logarithmic 
output. 

Signal output 


The VCO output must be sampled at precise intervals to avoid 
phase modulation effects. Three 67401 FIFOs buffer the VCO 
samples, which are generated during the 50-kHz input process- 
ing. A 12-bit D/A converter provides better than 91 dB signal-to- 
distortion ratio. The S&H circuit provides VCO outputs at pre- 
cise 50-kHz intervals, and removes spikes that are generated in 
the D/A converter. All necessary control signals are generated 
by the strap/output data contro! PAL device. — | 


The horizontal and vertical outputs normally drive an X-Y plotter or 
oscilloscope. There is no need to buffer these signals as long as 
the two outputs track each other. The D/A used for the VCO 
output is shared by adding two PAL12H6 chips programmed as 
multiplexers. Use of PAL devices requires fewer packages thana 
TTL multiplexer. Additional S&H circuits decode the multiplexed 
D/A output to separate the output signals. 


ET PTT TE A A PE See? PE CO SE PA TPP 
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Microprogram 


The architecture can implement a variety of DSP functions. A a 


microprogram, stored in 63S281 PROMs, customizes the archi- 
tecture to perform the spectrum analyzer tasks. The microin- 
struction formats were summarized in Figure 12. The algorithms 
to be implemented were discussed in the previous section. The 
step-by-step implementation of these algorithms is converted to 
a sequence of microinstructions to form the microprogram. The 
procedure is analogous to programming a microprocessor. 


Operation of the microprogram is better understood by consid- 
ering the allocation of the 74S218 RAM locations, shown in 
Figure 13. The microprogram consists of two parts. High-speed 
input processing provides the carrier generation, mixing, alias- 
ing filter and lowpass filter functions. Figure 13a shows the RAM 
allocation during input processing. The input segment includes 
an efficient iteration loop, using the PAL device loop counter, to 
process the 50-kHz functions. The carrier frequency shift and 
lowpass filter functions are processed at the fs/32 reduced sam- 
ple rate for maximum throughput efficiency. 


The values of sin A, cos A, and the Bessell filter coefficients 
depend on the analyzer bandwidth strap selection. These values 
are stored in a “table” area in Fig. 13, and can be easily changed. 
The fixed aliasing filter coefficients are stored as constants in the 
microprogram itself. | 


o 1 | 2 3 4 5 | 6 7 

f---- 
Whit = | 
= -Socooe 


LOWPASS 


CARRIER GENERATOR 
2 FILTER 


(a) INPUT 


SCALE | SCALE | SCALE | SCALE 
A B Cc D 
LOG A| LOG B| LOG C| LoG D 


LIN-LOG SCALING 


(b) OUTPUT-1 


(A4-A1) 


8 


Once the input processing is complete, coefficients located in 
the table area can be changed. This area is re-used by the output 
program segment to hold the scale factors for the linear-to-log 
conversion routine. The detector functions are processed, and 
the logarithmic conversion is started with the RAM allocation of 
Figure 13(b). The table area is then reloaded with the interpola- 
tion coefficients (Figure 13(c)) to complete the logarithmic con- 
version. Shaded areas in Figure 13 provide temporary data and 
flag storage for the routines. 


The microprogram samples the strap settings and loads the table 
area with the appropriate coefficients for input processing. The 
detector filter coefficient (bj) is also determined and loaded. 
The input processing is then repeated. This sequence repeats 
indefinitely. The coefficient loading technique makes efficient 
use of RAM capacity while eliminating elaborate jump 
sequences. All coefficient table updates are processed at th 

minimum sample rate for best efficiency. | 


The PAL device controllers simplify the, microprogram. A PAL 

device provides hardware iteration loops. The AU controller 

eliminates wasteful “NO-OP” instructions otherwise required to 

allow completion of AU operations. The input control PAL 

device simplifies handshaking with the input logic. With the. 
benefit of the PAL device controllers, the analyzer microprogram 

easily fits into the 256-instruction capacity of the PROMs. 


9 A B Cc D E F (AO) 
ius 
tas | 

ALIASING FILTERS LOWPASS FILTER 
i 


LIN-LOG INTERPOLATION 


(c) OUTPUT-2 


KEY: ZZ SCRATCH 
— NOT USED 


X NOT AVAILABLE 
C-ITABLE . 


Figure 13. RAM Allocation 
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TITLE AN-100 DSP Counter 
PATTERN DSPCOUNT 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memories 
DATE August 20, 1987 


CHIP DSPCOUNT PAL20X8 


CLK NC OP3 OP4 OP5 OP6 OP7 CO Cl /CX NC GND 
JOE NC AJ A6 A5 A4 AZ A2 Al AD /LOAD VCC 


EQUATIONS 
LOAD = /CO* Cl* CX ;FED BACK TO EQUATIONS 
/AO0 := /LOAD*/AO ;+HOLD/INCREMENT BY 2 

+ /CO* Cl* CX >LOAD 0 

s+: /CO*/Cl > INCREMENT BY 1 
/Al := /LOAD*/A1 > HOLD 

+ /CO* C1l* CX ;LOAD 0 

s+: /CO*/C1* AO ; INCREMENT BY 1 

+  CO*/C1* CX*/A0 ; INCREMENT BY 2 
/A2 := /LOAD*/A2 > HOLD 

+ /CO* C1l* CX >LOAD 0 : 

st: /CO*/C1* Al* AO ; INCREMENT BY 1 

+  CO*/C1* CxX* Al*/A0 ; INCREMENT BY. 2. 
/A3 := /LOAD*/A3 ; HOLD 

+ /CO* C1* CX*/OP3 ; LOAD 

s+: /CO*/C1* A2* Al* AO ; INCREMENT BY 1 

+  CO*/Cl* CX* A2* Al*/A0 ; INCREMENT BY 2 
/B4 := /LOAD*/A4 ; HOLD 

+ /CO* C1* CX*/OP4 ; LOAD 

s+: /CO*/C1* A3* A2* Al* AO ; INCREMENT BY 1 

+, CO*/C1* CX* A3* A2* A1l*/A0 > INCREMENT BY 2 
/A5 := /LOAD*/A5 ; HOLD 

+ /CO* Cl* CX*/OP5 ; LOAD 

s+: /CO*/C1* A4* A3* A2* Al* AO ;INCREMENT BY 1 

+ CO*/C1l1* CX* A4* A3* A2* Al*/AO ; INCREMENT BY 2 
/A6 := /LOAD*/A6 ; HOLD 

+ /CO* C1* CX*/OP6 ; LOAD 

s+: /CO*/C1* A5* A4* A3* A2* Al* AO ;INC BY l 

+  CO*/C1* CX* AS5* A4* A3* A2* Al*/A0 ;INC BY 2 
/A7 := /LOAD*/A7 ; HOLD 

+ /CO* C1l* CX*/OP7 ; LOAD 

s+: /CO*/C1* A6* AS5* A4* A3* A2* Al* AO ; INC BY 1. 

+ CO*/C1* CX* A6* AS* A4* A3* A2* A1l*/AO ;INC BY 2 
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SIMULATION 
TRACE ON CLK A7 A6 AS A4 A3 A2 Al AO ;Trace CLK and outputs 


SETF OE /CO Cl CX /OP7 /OP6 /OP5 /OP4 /OP3) 
CLOCKF CLK ee ;Load all Os 
CHECK /A7 /A6 /A5 /A4 /A3 /A2 /Al /A0 


SETF CO /Cl | 
CLOCKF CLK a ;Increment by 2 
CHECK /A7 /A6 /A5 /A4 /A3 /A2 Al /AO ;to 2 


CLOCKF CLK | ;Increment by 2 
CHECK /A7 /A6 /AS /A4 /A3 A2 /Al /AO sto 4 

CLOCKF CLK | ;Increment by 2 
CHECK /A7 /A6 /AS /A4 /A3 A2 Al /AO0 sto 6 

SETF /CO 

CLOCKF CLK ;Increment by 1 
CHECK /A7 /A6 /AS /A4 /A3 A2 Al _ AO ;to 7 

CLOCKF CLK | - ;Increment by 1 
CHECK /A7 /A6 /AS /A4 A3 /A2 /Al /AO sto. 8 

SETF CO Cl : 

CLOCKF CLK : ;Hold 

CLOCKF CLK 4. 4 -;Hold 


CHECK /A7 /A6 /A5 /A4 A3 /A2 /Al /AO0 ;to 8 


TRACE OFF 
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TITLE AN-100 DSP Condition 
PATTERN DSPCOND 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memories 

DATE August 20, 1987 


CHIP DSPCOND PAL16Cl 


CX3  CX2 CXl CxO SS OVF AUB INR /LLC GND 
/CON ACO AC1 AC2 /CX COMP CX AC3 NC NC VCC 
EQUATIONS 
CX = /CX3*/CX2*/CX1*/CX0* CON 
/CX3*/CX2*/CX1* CXO* SS* CON 
/CX3*/CX2* CX1*/CX0* OVF* CON 
/CX3*/CX2* CX1* CXO* AUB* CON 
/CX3* CX2*/CX1*/CX0*/INR* CON 
/CX3* CX2*/CX1* CXO* LLC* CON 
/CX3* CX2* CX1*/CX0*/LLC* CON 
/CX3* CX2* CX1* CX0*/AC3*/AC2*/AC1*/ACO* CON 
CX3* /CX2*/CX1*/CX0*/ACO* CON 
CX3*/CX2*/CX1* CXO* ACO* CON 
CX3*/CX2* CX1*/CX0*/AC1* CON 
CX3*/CX2* CX1* CX0O* AC1* CON 
CX3* CX2*/CX1*/CX0*/AC2* CON 
CX3* CX2*/CX1* CxO* AC2* CON 
CX3* CX2* CX1*/CX0*/AC3* CON 
CX3* CX2* CX1* CX0* AC3* CON 


t++t¢eeteteeeeteeeestil 


SIMULATION 


SETF /CON ;SET /CX HIGH 
CHECK /CX 


SETF CON /CX3 /CX2 /CX1l /CX0 ;CX3-CX0=0 - SET /CX LOW 
CHECK CX 


SETF CxO SS_ ;CX3-CX0=1 - SET /CX LOW 
CHECK CX 


SETF CXl /CX0 OVF ;CX3-CX0=2 - SET /CX LOW 
CHECK CX 


SETF CX0O AUB ;CX3-CX0=3 - SET /CX LOW 
CHECK CX 


SETF CX2 /CX1 /CX0 /INR >CX3-CX0=4 - SET /CX LOW 
CHECK CX 


SETF CxO LLC ;CX3-CX0=5 - SET /CX LOW 
CHECK CX 
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SETF CXl 
CHECK CX 


SETF CxX0 
CHECK CX 


SETF CX3 
CHECK CX 


SETF CxX0 
CHECK CX 


SETF CXl 
CHECK CX 


SETF CxX0 
CHECK CX 


SETF CX2 
CHECK CX 


SETF CxO 
CHECK CX 


SETF CX1l 
CHECK CX 


SETF CxO 
CHECK CX 
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/CX0O /LLC 

/AC3 /AC2 /ACL /ACO 
/CX2 /CX1 /CX0 

ACO 

/CX0 

AC1 

/CX1 /CXO 

AC2 

/CX0 


AC3 


7 CX3-CX0=6 


>CX3-CX0=7 


;CX3-CX0=8 


;CX3-CX0=9 

;CX3-CX0=10 
;CX3-CX0=11 
;CX3-CX0=12 
;CX3-CX0=13 
;CX3-CX0=14 


;CX3-CX0=15 


SET /CX LOW 


SET /CX LOW 


SET /CX LOW 


SET /CX LOW 


SET /CX 


SET /CX 


SET /CX 
SET /CX 
SET /CX 


SET /CX 


LOW 


LOW 


LOW 


LOW 


LOW 


LOW 
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TITLE AN-100 DSP Address Control 
PATTERN ADDCONT 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memoriés 

DATE August 21, 1987 


CHIP ADDCONT PAL22V10 


CLK OP3 OP2 OP1 /ADE D15 D14 D13 D12 NC NC GND 
NC NC Dili D10 ACO AC1 AC2 AC3 D9 D8 NC VCC 


GLOBAL 
EQUATIONS 
ACO := /OP3*/OP2* OP1*/ACO* ADE ; INC 
+ /OP3* OP2*/OP1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D12* ADE :D12 
+ OP3*/OP2*/OP1* D1l1l* ADE >D11 
+ OP3*/OP2* OP1* D8 * ADE ;D8 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14*/D13* D12* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10*/D9*D8* ADE 
+ OP3* OP2* OP1* ACO ; HOLD 
+ ACO*/ADE ; HOLD 
ACl := /OP3*/OP2* OP1* AC1*/ACO* ADE ; INC 
+ /OP3*/OP2* OP1*/AC1* ACO* ADE ; INC 
+ /OP3* OP2*/OP1* AC1* ACO* ADE ;DEC 
+ /OP3* OP2*/OP1*/AC1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D13* ADE ;D13 
+ OP3*/OP2*/OP1* D12* ADE :D12 
+ OP3*/OP2* OP1* D9 * ADE ;D9 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14* D13* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10* D9* ADE 
+ OP3* OP2* OP1* ACl ; HOLD 
+ AC1*/ADE ; HOLD 
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AC2 := /OP3*/OP2* OP1*/AC2* AC1* ACO* ADE | ; INC 
+ /OP3*/OP2* OP1* AC2*/AC1* ADE .. ;INC 
+ /OP3*/OP2* OP1* AC2* /ACO* ADE ; INC 
+ /OP3* OP2*/OP1*/AC2*/AC1*/ACO* ADE . ~~ ;DEC 
+ /OP3* OP2*/OP1* AC2* AC1* ADE |. ;DEC 
+ /OP3* OP2*/OP1* AC2* -ACO* ADE ——_—_—«;+DEC 
+ /OP3* OP2* OP1*. D14* ADE :;D14_— 
+ OP3*/OP2*/OP1* D13* ADE 3 D13 
+ OP3*/OP2* OP1* D10* ADE ;D10 
+ OP3* OP2*/OP1* D1l4* ADE | 7 ;MSB EQUATIONS 
+ OP3* OP2*/OP1* D13* ADE | . | | 
+ OP3* OP2*/OP1* D12* ADE 
+ OP3* OP2*/OP1* D11* ADE 
+ OP3* OP2* OP1* AC2 ; HOLD 
+ AC2*/ADE ; HOLD 

AC3 := /OP3*/OP2* OP1*/AC3* AC2* AC1* ACO* ADE ;INC. 
+ /OP3*/OP2* OP1* AC3*/AC2* ADE ;INC 
+ /OP3*/OP2* OP1* AC3* /AC1* ADE ;INC 
+ /OP3*/OP2* OP1* AC3* ~ - /ACO* ADE ; INC 
+ /OP3* OP2*/OP1*/AC3*/AC2*/AC1*/ACO* ADE ;DEC 
+ /OP3* OP2*/OP1*/AC3* AC2* | -ADE ;DEC 
+ /OP3* OP2*/OP1*/AC3* AC1* ADE ;DEC 
+ /OP3* OP2*/OP1*/AC3* = | ~  ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D15* ADE | | ;D15- 
+ OP3*/OP2*/OP1* D14* ADE :D14 
+ OP3*/OP2* OP1* D11* ADE ;D11 
+ OP3* OP2* OP1* AC3 2 ; HOLD 
+ AC3*/ADE | | ; HOLD 

SIMULATION 


TRACE ON CLK AC3 AC2 ACl1 ACO 


SETF ADE /OP3 /OP2 /OP1 Ld 
CLOCKF CLK ;CLEAR TO 0 
CHECK /AC3 Una /ACL. ‘7/200 7 


SETF OP] = 
CLOCKF CLK. ; INCREMENT TO 1 
CHECK /AC3 /AC2 /AC1 ACO 


CLOCKF CLK ; INCREMENT TO 2 
CHECK /AC3 /AC2 AC1 /ACO 


CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK ; INCREMENT TO 8 
CHECK AC3 /AC2 /AC1 /ACO 


4-34 


Audio Spectrum Analyzer 


SETF OP2 /OP1 
CLOCKF CLK sDECREMENT TO 7 
CHECK /AC3 AC2 ACl ACO 


CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK :DECREMENT TO 3 
CHECK /AC3 /AC2 AC1 ACO 


SETF OPl /D15 D14 /D13 D12 /Dll 
CLOCKF CLK ;SET TO D15-D12 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP3 /OP2 /OP1 
CLOCKF CLK ;SET TO D14-Dll 
CHECK AC3 /AC2 ACl /ACO 


SETF OPl D10 /D9 D8 
CLOCKF CLK >SET TO D11-D8 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP2 /OP1 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 ACl ACO 


SETF /D14 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP1 
CLOCKF CLK ; HOLD 
CHECK /AC3 AC2 /AC1 ACO 


SETF /OP3 /OP2 /OP1 /ADE ;HOLD 
CLOCKF CLK 
CHECK /AC3 AC2 /AC1 ACO 


TRACE OFF 
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serializing FIFO and Burst Error Processor 
Team Up to Enhance Serial Data Reliability” 


Suneel Rajpal, Nadia Sachs and Danesh Tavana 


In high-speed, serial data transmission, as in state-of-the-art in high-speed serial-data bit streams. This paper describes 
disk drives and data communication, there is a growing need serial-data error detection and correction in host-indepen- 
for data reliability. dent and peripheral-independent environments. The SIBER 


implements the standard CCITT CRC polynomial and a com- 


The Single Burst Error Recovery chip, SiBER, can correct pair vee 
: puter-generated polynomial in one 24-pin bipolar LSI chip. 


5-, 8-, or 11-bit bursts of error or detect double-burst errors 


* This paper is a slightly updated version of the paper by the same name which appeared in the Wescon/83 Professional Program Session 23 reprint, paper 23/1; 
8-11 November 1983. 
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Serializing FIFO and Burst Error Processor 
Team Up to Enhance Serial Data Reliability 


Suneel Rajpal, Nadia Sachs and Danesh Tavana 


Introduction 

With increasing densities in mass-storage systems, the prob- 
ability of error in received data also increases. To remedy 
the problem, users incorporate error detection and correc- 
tion techniques in their designs. In the area of high speed 
serial data transmission, as in state-of-the-art disk drives 
and data communication, there is a growing need for data 
reliability. 


Monolithic Memories’ Single Burst Error Recovery chip, SIBER, 
is ideal in applications requiring a short development time, with 


no knowledge whatsoever of the complex mathematics involved — 


in error-correction codes. The SiBER chip can be used to 
correct 5-, 8-, or 11-bit bursts of erroneous data, or detect 


double-burst errors in high-speed serial bit streams. The SiBER — 


implements the standard CCITT CRC polynomial and one of 
Neal Glover's computer-generated polynomials in one 24-pin 
bipolar LSI chip. . 


This paper describes serial-data error detection and correc- 


tion in host-independent and peripheral-independent © 


environments. 


The interface of the SiIBER chip between the host and the - 


disk/peripheral is fairly straightforward. To aid in the efficient 
handling of data transfer between the Siber and the host, the 
57/67417 provides an elegant solution. The ’417 Serializing 
FIFO is intended as a one-chip solution for buffering and 
serializing/deserializing data. It is a FIFO which has one 
parallel port configurable as an input or an output. It also has 
two dedicated serial ports for input and output operations. 
It can typically replace four or more MSI chips. Another IC, 
the SN54/74S419, is a FIFO RAM Controller which converts 
a static RAM to a FIFO with minimal external circuitry. It is 
used where large blocks of data, up to 64K, need to be 
buffered. 


The SiBER can be used with three correction options: software 
only, a combination of hardware and software, and entirely in 
hardware. These three correction options have different hard- 
ware requirements, using a Serializing FIFO or a FIFO RAM 
Controller as the buffer management unit. These different 
hardware requirements are discussed in greater detail. 


Formatting the Data On the Disk 

Large files and data bases can be permanently stored on the 
magnetic surface of a Winchester disk. Data is stored on 
the disk with a predefined format which varies among differ- 
ent manufacturers. The disk surface is subdivided into a num- 
ber of circular concentric tracks, and each track is further 


divided into many records. Data is transferred one record at 


a time in a block fashion between the host and the disk. As 

- shown in Figure 1, a record is comprised of an identification 

field (ID field) and a data field, with the data field typically 
being 256 bytes long. 


ID FIELD DATA FIELD Hece | 


CRC = 16 BITS 
ECC = 32 BITS 


Figure 1. Data Format on a Winchester Disk 


An Error Recovery Scheme 


- With the progress of technology, the industry's trend is 


towards higher memory densities. The rate of erroneous data 
increases as disk densities increase, and a need to recover 
from faulty data becomes necessary. One scheme used to 
detect and correct erroneous data is through an encoding/ 
decoding algorithm that appends a series of parity checkbits 
to the transmitted/received data. Figure 1 represents a for- 
matted record with a 16-bit CRC code appended to the ID 
field, and a 32-bit code appended to the data field. These 
codes or checkbits are uniquely created for the data during a 
write operation to the disk, and then appended to the data 
stream. During a read from the disk, the checkbits are regen- 
erated as the data is being read and compared with the pre- 
viously written checkbits. If the data is error-free the two 
sets of checkbits should match, and the system should 
resume normal operation; however, if the data is in error, the 
two sets of checkbits will not match, and an error flag will 
interrupt the CPU to indicate incorrect data. In hardware, 
the SiBER chip performs the encoding and decoding of 
checkbits, and provides for a hardware or software correc- 
tion mode. 


anp [1 R/T 
init [2 Za] TGS 

HOLD | 3| 22] RGS 
Sic [4] 21] CGS 
SIT }5| SIR 
soT | 6] SOR 
vcc 18] VCC 
cso [8 | 117] TEST 


CS1 19] 16] EOC 


CRC/ECC [10] 
CLKIN 411! 14] PATT 
GND [12] CLKOUT 


Figure 2. Pinout of the SIBER 
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Figure 3. Block Diagram of the SIBER 


The SiBER Chip 


Monolithic Memories is presently designing SiBER, which will 
soon go into volume production. SiIBER comes in a 24-pin 
package and operates at or above 15 megabits per second. The 
SiBER features a selectable standard CRC polynomial or a 
powerful 32-bit, computer-generated polynomial which. can 
correct 5, 8, or 11 bits of burst error. There are various options 
which allow for correction in software, in hardware, or in a 
combination of the two. The SiBER’s pinout and internal 
architecture are illustrated respectivley in Figures 2 and 3. The 
twenty-four signals can be classified into four groups: I/O ports, 
control signals, output flags, and power. 


The two I/O ports, Transmitter and Receiver ports, easily 
interface to the CPU and the disk drive environment. The 
associated signals in the transmitter port are serial input 
transmitter (SIT), serial input for correction (SIC), and serial 
output transmitter (SOT). The I/O signals in the receiver port 
are serial input receiver (SIR), and serial output receiver 
(SOR). The control signals determine the operation which is 


to be performed in the chip; these control signals will not be - 
discussed in detail. The three output flags are the error flag 
(ERRFLG) which indicates an erroneous data, the pattern 
available flag (PATT) which is raised when the error pattern is 
available in the 32-bit shift register, and an end of cycle flag 
(EOC) which is raised when the error pattern is shifted out of 
the chip. The four VCC and GND pins provide good noise 
immunity. 


Theory of Operation 
There are basically three modes of operation: Transmit, 
Receive, and Correction. 


TRANSMIT (Write to disk): 


During the transmit mode, the data is written to the disk, and the 
16-bit CRC or 32-bit ECC checkbits are generated in the chip. To 
enter the transmit mode, the device is initialized (INIT), while the 
receive/transmit (R/T) control signal is LOW. The data to be 
written is input into SIT and simultaneously appears on the SOR 
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Figure 4. Data Flow in Transmit Mode 
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Figure 5. Data Flow in Receive Mode 


output. The data on SIT also appears on SOR, while TGS 


(transmit generate or shift control signal) is HIGH. Once TGS is 
lowered, the ECC/CRC checkbits are shifted out on SOR and 
recorded on to the disk. The data flow during the transmit is 
shown by heavy lines in Figure 4. 


RECEIVE (Read from disk): 
In the receive mode, the data is read from the disk, and a 16-bit or 
32-bit syndrome is generated internally. The syndrome contains 


the information necessary to perform hardware or software 
correction. To enter the receive mode of operation, the device is 


initialized (INIT) while R/T is HIGH. The data being read from 


the disk in input into SIR and will appear on the transmitter port 
on SOT. : 


RGS (read generate or shift control signal) must be high for the 
duration of data and checkbits. Once RGS is lowered, the 
ERRFLG output will be raised, if an error condition exists. The 
data flow during receive is shown in Figure 5. 


CORRECTION: 


If the error flag (ERRFLG) was not set when RGS was low- | 


ered in the receive mode of operation, correction is not 
required and the data is assumed to be error-free. However, 


if ERRFLG was set, the data must be corrected. Note that. 


correction is possible only with the 32-bit ECC polynomial. 


There are three different options.for correction when using — 


the 32-bit ECC polynomial: hardware correction, software 
correction, software and hardware correction. The following 
pages include three different applications where these 
modes are discussed in further detail. 


The Software Solution | 

The SiBER can be configured to be used in systems where 
software correction is desired. In this mode of operation, the 
SIBER will transfer the necessary information to the host, so 
that correction can take place in software. Atter reading the 
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data and the ECC bits, the user must lower the RGS (Read 
Generate or Shift) control pin, at which time the ERRFLG is 
latched, if the data is in error and the syndrome bits gener- 
ated by the SiBER are available serially on the SOT output. 
Given the syndrome bits, the user has to perform a correc- 
tion algorithm in software which would appropriately yield 
the location of the error and the required pattern which cor- 
rects the erroneous bits. This is not a recommended method, 
as the user would have to be involved in the mathematics of 
the error-correction codes. Therefore, this method would 
appeal only to certain users. 


The data paths for software correction and the hardware 
needed to interface the SiBER to a host are shown respec- 
tively in figures 6a and 6b. 


One of the elements, shown in Figure 6b and also referred to in 
Figure 8b, is the serializing FIFO, 57/67417. The serializing FIFO 
is an ideal IC for byte-oriented data buffering and serialization/ 
deserialization capabilities. The applications of this part are in 
interfacing parallel-format computing euipment to serial-format 
data communications and mass memory equipment. The 67417 
internally is a64x9 FIFO, which can also be configured as a64x8 
FIFO using the Word Length (WL) pin. There are two serial 
ports, for input and output, and a 9-bit parallel port. The 
serializing FIFO has three modes of operation: it can be in (a) the 
Serial-In Parallel-Out mode, in (b) the Parallel-In Serial-Out 
mode, or in (c) the Serial-In Serial-Out mode. The part is 
cascadable in the parallel port, which runs up to 6 MHz. The 
serial port runs at 35 MHz. In order to build a deeper Serializing 
FIFO structure, the 67417 can be combined with ranks of two 
67401s, which are 64x4 parallel-in parallel-out FIFOs also 
available from Monolithic Memories. Figure 7 shows the three 
modes of operation of the 67417. 
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Figure 6a. Data Flow in the SiBER for Software Correction 
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Figure 6b. The SiBER/Host Interface for Software Correction 


The Hardware/Software Solution 


The hardware/software solution uses the SiBER more effec- 
tively. After detecting erroneous data, the SIBER can generate 
the (correction) pattern. Figure 8a shows the data flow within the 
SIBER during this mode of operation. The data and ECC fields 
from a serial data link are processed by the SiBER and are 
available on the SOT port. By maintaining CGS HIGH, the SiBER 
goes into a mode where it calculates the location of the error. 
The required pattern, which was previously computed in the 
host in the software solution, is now performed in the SiBER. 
When the SiBER completes the computation, the PATTERN flag 
goes HIGH. The user has to count the number of clocks between 
the time when the ERRFLG is raised to the time when the PATT 
flag is raised. This count is the position of the start of the error 
burst. The error pattern can be shifted out of the SiBER on the 
SOT port by lowering CGS. Correction is performed in software 
by using the count and the error pattern parameters. 


The interface of the SIBER to the host requires a serializing 
FIFO, a serial/parallel register, an n-bit counter (dependent 
on data field), and a correction network which can be eight 
exclusive-OR gates, as shown in figure 8b. The sequence of 
events shown in figure 8b are as follows: Path 1 is the data 
field and the ECC field that are transferred to the serializing 


FIFO. After the data and ECC fields are read, and if the - 
ERREFLG is raised, the SiBER is in its correction mode. The 
user must now keep clocking the SiBER, until the error pat- 
tern is available. The number of clocks between the assertion 
of the ERRFLG and the PATT flag must be saved in the 
counter. 


Path 2 shows that the host will read the contents of the 
counter. The contents of the counter will be used to deter- 
mine the error location in the data field. By lowering CGS, 
the user can clock out the error pattern on the SOT pin, as 
shown by path 3. The error pattern is aligned with the error 
bits through software, and is sent to the correction unit, as 
shown by path 4. The host must process the count value to 
determine the error location. For example, if the error loca- 
tion counter had a count of M, and the length of the data and 
ECC field is L, then the error starts at L-M bits away from the 
first serial output bit on the 67417. The Serial/Parallel block, 
shown in the diagram, would have to be connected appropri- 
ately, since the first pattern bit from SOT corresponds to the 
eleventh data bit in error; the second pattern bit corresponds 
to the tenth data bit in error, and so forth. The alignment of 
the pattern bit to the data/ECC bit in error can be performed 
by the host. 
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Figure 7. The Three Modes of Operation for the 57/67417 Serializing FIFO 
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Figure 8b. The SiBER/Host Interface for Hardware/Software Correction 


The Hardware Solution 

The hardware solution assumes little or no host intervention 
for error detection and correction. The data flow inside the 
_ SIBER for this mode of operation is shown in figure 9a. The 
actual hardware interface is shown in figure 9b. 


This example uses an 8Kx1 FIFO used to collect the serial 
bits. The FIFO is used to gather the data and send it to the 
host via a Serial/Parallel converter. In between these two 
steps, a correction takes place, if the error flag is raised. The 
actual data flow in figure 9b is as follows: The data from the 
serial link arrives at the SIR input of the SiBER and is stored 
in the static RAM via SOT. The static RAM is converted to a 
FIFO using the SN54/74S419 FIFO RAM Controller. At this 
time, the FIFO is in a write mode, and the output of the FIFO 
RAM Controller is sequential write addresses, as shown by 1. 
After the data and ECC bits are read, and an error is detected, 
the SIBER goes into a correction mode of operation. Since 
the data bits must be corrected in reverse order (Last In First 
Out, LIFO), a down counter addresses the static RAM. The 


down counter decrements, until the PATT flag goes high. : 


When this flag is raised, the counter then addresses the static 
RAM, and, as shown by 2, the data from the static RAM 


enters the SIBER via SIC, is corrected, and written back to 
the static RAM via SOT. In the actual implementation, three- 
state buffers are recommended to isolate respectively SIC 
and SOT during read and write to RAM. As shown in data 
path 3, upon completion of the correction cycle, the entire 
8Kx1 FIFO is transmitted to the host via the Serial/Parallel 
converter and the FIFO RAM controller. The static RAM is 
addressed by the FIFO RAM Controller, when the data is 
being read by the host. 


The 745419 FIFO RAM Controller is a Monolithic Memories’ 
proprietary part and is currently under design. It provides 
address control and port arbitration for converting a static RAM 
to a FIFO. A 64K-deep FIFO can be created, using the sixteen 
address lines. In addition, a host of flags, indicative of the FIFO 


‘being full, empty, half full, almost empty, and almost full, are 


provided. These flags are set relative to the original buffer length 
selected. Port priority , such as read having precedence over 
write, are user defined. Handshaking signals, such as ready, are 
provided in response to a request input. The entire internal 
operation is synchronous. The SiBER is a flexible part and can be 
used to facilitate a read/write operation with a static RAM, by 
adding minimal delay and ensuring a very high throughput. 
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Figure 9b. The SiBER/Host Interface for Hardware Correction 


Conclusion 

- The SiBER is a versatile chip for error detection and cor- 
rection in high-speed serial data streams. It is useful in— 
numerous applications, becuase it was designed to be host- 
independent and peripheral-independent. To manage blocks 
_of data in high-speed data transfers, the 67417 Serializing 
FIFO and the 74S419 FIFO RAM Controller provide econ- 
omic and efficient solutions. Together, these chips provide 
low-cost system solutions to mass-memory equipment and 
data communication reliability issues. | 
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First-In First-Out Memories: 
Operations and Applications 


In many digital systems, high-speed transfers of data or instruc- 
tions take place between sources and destinations that have dif- 
ferent data rates. In other cases, the source and destination 
cannot operate simultaneously thereby needing some kind of 
data buffer at either source or destination. First-In First-Out 
(FIFO) memories are devices used to provide both data buffer- 
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ing and data rate matching between.source and destination in 
digital systems. A family of FIFO devices, available from Monoli- 
thic Memories, covers a wide range of data rates as well as 
different applications such as high-speed data acquisition, and 
serial to/from parallel format conversions. 
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‘What's a FIFO? 

Definition 

FIFO means First-In First-Out. In this case FIFO refers to a 
First-In First-Out, 2-port memory device. The data stored in a 
FIFO memory is provided at the output port in the same 
sequence that the data was written via the input port. Writing and 
reading data can be completely independent operations except 
when the FIFO is full or empty. The FIFO is empty and no more 
words can be read whenever the total number of words read 
since reset is equal to the total number of words written. The 
FIFO is fulland no more words can be written whenever the total 
number of words written is equal to the number of words read 
plus the capacity of the FIFO. _ | 


FIFO Operation 


FIFO memories are used to assemble incoming data in a word 


serial buffer to be read out later in the order written, usually ata 


different rate. A simple mechanical analogy is the old fashioned 
coin dispenser used by the ice cream vendor or amusement park 
arcade vendor (Figure 1). Each coin tube has storage space fora 
number of coins, say sixty-four coins for example. Coins are 


dropped into each tube one at a time through a slot in the top of - 


the tube. When a coin is entered, it falls to the top of the stack of 
coins already stored in the tube. When change is needed, the 
vendor pushes a lever near the bottom of the tube. This releases 
a single coin each time the lever is depressed and released. The 
coin dispenser is clearly a FIFO memory for coins because coins 
are released at the bottom of the tube in the same order they 
were entered at the top, but usually at a different rate. 


Figure 1. A FIFO Buffer for Coins 
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Each time a coin is removed from the bottom of the tube, the 
coin directly above it moves down to fill the vacant space. The 
same happens to each of the other coins in the stack. There is no 
restriction on loading and delivering coins asynchronously or 
simultaneously except for the empty and full conditions. If the 
tube is empty or if a coin has not yet fallen to the bottom of the 
tube, nothing will happen when the coin release lever is pressed. 
When the tube has sixty-four coins stored, it is not possible to 
stuff another coin into the tube. The operation of the 67401 FIFO 
is directly analogous to the coin changer except that the 67401 
has four coin tubes that operate together rather than four inde- 
pendent tubes in the coin changer. 


Using a FIFO 


Do You Need a FIFO? 


If you are designing or using a digital system involving high- 
speed transfers of data or instructions from sources to destina- 
tions, you may find a FIFO memory to be useful and economi- 
cally beneficial. Many digital devices such as computers and 
peripherals have natural or fixed rates for transmitting and 
receiving data. The most efficient transfers occur when both the 
source device and the destination device can operate at the 
same high speed, and when both perform data transfers simul- 
taneously. Unfortunately this is seldom the case, and either the 
source or the destination device must spend some time waiting 
or attending to other chores: Data rate matching, and data 
buffering, to provide the delay between source transmit to desti- 
nation receive, are two of the principal applications for FIFO 
memories. 


You should consider the possibility of using a FIFO whenever 
your system requires transferring data, commands, or instruc- 
tions from any of the following sources to any of the following 
destinations. Table 1 shows the family of FIFOs available from 
Monolithic Memories. 


SOURCES DESTINATIONS 
Computer CPU Computer CPU 
RAM or ROM RAM 
Disk Memory Unit Disk Memory Unit 
Magnetic Tape Unit Magnetic Tape Unit 
Paper Tape Reader Paper Tape Punch 
Keyboard CRT Display 


Analog-to-Digital Converter 

Telephone Communications 
Modem 

Radio Transmitter 

Timeshare Computer 
System 

Data Bus Within Computer 

Address Bus Within 
Computer 

Electromechanical Device 


Digital-to-Analog Converter 

Telephone Communications 
Modem 

Radio Receiver 

Timeshare Computer 
System 

Printer 

Panel Meter Display 


Electromechanical Devices 
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Classes of FIFO Applications 


The two principal uses for the 67401 FIFO are data rate match- 
ing and data buffering. Actually these classes overlap some- 
what because data rate matching implies data buffering within 
the FIFO in order to achieve the objective or writing into the 
FIFO: at one rate and reading out of the FIFO at another rate. 
Itis also apparent that you cannot write at one rate and read at 
another rate continuously without eventually filling (fast write, 
slow read) or emptying (slow write, fast read) any fixed length 
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Table 1. FIFO Family 
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FIFO memory. Once the FIFO is full, it cannot accept addi- 
tional data until it begins to empty due to reading or clearing its 
contents. 


In the other case, once the FIFO has been emptied, it makes no 
sense to continue reading until more data has been written. 
This limitation implies that the faster rate operation (whether 
reading or writing) must be done in bursts with gaps between 
bursts to allow time for empty storage space to be created 
within the FIFO by the slower rate operation. | 
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Figure 2. Data Transfer from Magnetic Tape Unit to Printer 


High-Speed Burst to Lower Speed Steady Rate 
Figure 2 shows a magnetic tape unit supplying data to a line 
printer. The printer prints characters at a regular rate that is 


slower than the magnetic tape unit can supply characters 
(Figure 3). ae 
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Figure 3. Fast Rate to Slow Rate 
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It is usually inconvenient and expensive to require the MTU to 
stop and start between characters to wait for the printer. The 
MTU operates more efficiently by writing a burst of characters at 
its fixed high rate into the FIFO then waiting for the printer to 
read the FIFO at its fixed low-speed rate. When the FIFO buffer 
becomes empty (or almost empty), it can notify the MTU to 
supply another burst of data. The FIFO’s Output Ready signal 
can be used as an interrupt. It may be convenient to size the FIFO 
at the maximum line length so that the MTU can reload the FIFO 
~ whenever it sees a carriage return. Figure 4 shows a similar 
application where the printer is being driven from a high-speed 
computer. By sending bursts of data to the printer, the computer 
is free between bursts to perform other tasks, such as process- 
ing the data to be printed. The practice of storing high-speed 
bursts in the FIFO and reading at a slower steady rate is useful 
for many high-speed burst data sources such as disk memories, 
random access memories, and high-speed data communica- 
tions links. The printer is typical of a number of fixed rate 
slow-speed devices such as a paper tape punch, analog-to- 
digital converter, or a telephone data link. 


Direct Memory Access (DMA) is often used as a solution to this 
kind of rate matching problem. With DMA, the computer stores 
data in its RAM at the high-speed burst rate. The slow-speed 
device then reads the RAM directly at its leisure. This method, 
however, requires a considerable amount of hardware to 
implement the DMA operation. Because of its simple logic struc- 
ture the FIFO permits a reduction in hardware. 
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Figure 4. Data Transfer from Computer CPU to Printer 


Low-Speed | Steady Rate to High-Speed Burst 


Another common situation in digital data transmission is shown 
in Figure 5. Here the source of data operates at a slow steady 
_rate, while the data destination device is capable of higher speed 
burst reception. This is illustrated by a paper tape reader supply- 
ing data to a high-speed CPU in Figure 6. If the computer were 
required to read the paper tape reader directly in a programmed 
1/O operation, it would spend most of its time waiting for the 
reader to advance. This is a common occurance in microcompu- 
ter software development systems. If the computer can be used 


for other tasks while it is reading the tape, its operation becomes — 


more efficient and its throughput is higher. Using the FIFO, the 
tape reader stores the incoming data at its natural rate. The 
computer reads the FIFO at its maximum input rate until the 
FIFO is empty or until the computer turns its attention to another 
task. This slow rate to fast burst operation is appropriate for 
source devices such as analog-to-digital converters and tele- 
phone modems. The destination devices could be a magnetic 
tape, disk, or CRT display operating at speeds up to 15 MHz. 
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Figure 5. Slow Rate to Fast Rate 
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Figure 6. Data Transfer from Paper Tape Reader to CPU 


Steady Rate to Erratic Rate 


Figure 7 illustrates a situation where data is available from a 
source ata fixed rate, but is used by the destination devices at an 
erratic or unpredictable rate. One example of this situation is a 
printing terminal receiving data from a telephone modem con- 
nected to a timeshare computer (Figure 8). The computer and 
modem transmit the data at a steady rate, say 300 baud. The 
printer prints at a steady rate until it gets a carriage return 
character. The printer may then require several character times 
to execute the carriage return before it can print the characters 
that follow. This problem can be solved using the FIFO as a 
buffer so that the characters following the CR are stored in the 
FIFO and printed at the natural rate of the terminal. Note that the 


_ interval between printing successive characters must actually be 


slightly faster than 300 baud so that the printer can catch up after 
each carriage return. Otherwise, the FIFO would gradually fill up 
and_ overflow. This is a fundamental characteristic of FIFO 
buffers. In all cases the average input data rate over a long period 
of time cannot exceed the average output data rate. In practice 
the size of the FIFO is determined by the duty cycle of the higher 
data rate as well as the ratio of input rate to output rate 


Figure 7. Steady Rate to Erratic Rate 
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Figure 8. Timeshare Computer System to Printing Terminal 
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Another example of steady to erratic data rate is the interface to 
a machine tool such as the turret drill shown in Figure 9. The 
FIFO is used to store commands received from magnetic tape at 
a steady rate or a high-speed burst. The execution of these 
commands varies depending on the mechanical operation 
required. Changing drills may require much longer than drilling 
a series of holes. 


In some numeric control systems the instructions for a whole 
shop full of machine tools may be provided by a single shared 
computer. In this case, FIFOs can be used in each machine tool 
to store a burst of instructions. Then the computer is free to 
control other machines, check status, or execute maintenance 
operations while each machine continues executing commands 
stored in its own FIFO memory. 


The example in Figure 12 shows a digital system using a large 
high-speed host computer to control a multitude of slower slave 
computers (possibly microprocessors). The host computer 
transmits high-speed bursts of commands and data to micropro- 
cessors connected to its |/O bus. These are stored in FIFOs and 
executed by the microprocessors at their own rates. The host 
computer can control a large number of microprocessors and 
service its own peripheral devices in either timeshared or multi- 
processing mode. Each individual microprocessor uses FIFOs 
to accumulate results and status information to be polled by the 
host periodically. In addition each microprocessor operates at 
its effective rate by buffering its 1/O operations in FIFOs. The 
whole system is connected to a remote control radio link using a 
FIFO to adjust the data rate between the receiver and the host 
computer. 


TURRET DRILL 


Figure 9. Magnetic Tape Unit to Turret Drill 


Figure 10. Erratic Rate to Steady Rate with Gaps 


= =\ 


MAGNETIC 
TAPE UNIT 


KEYBOARD 


Figure 11. Keyboard to Magnetic Tape Unit 
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Figure 12. Multiple Processors Receive High-Speed Burst 
Commands, Execute at Slower Rate, Accumulate 
Status Information at Slow Rate and Transmit Sta- 
tus at Burst Rate when Polled 


Erratic Rate to Steady Rate 


In many cases data is transmitted at an erratic or unpredictable 
rate, but must be formed into steady high-speed bursts (Figure 
10) to be efficiently used by the receiving device. A typical 
example of this situation is the keyboard to tape machine shown 
in Figure 11. The information is generated by the keyboard 
operator at a very erratic rate. The FIFO is used to avoid starting 
and stopping the tape at irregular intervals to record single 
characters. As a result, the tape unit can record data in longer 
records, thereby saving tape and saving the higher cost of an . 
incremental tape recorder. 


Skew Buffering 


Up to this point all the examples we have considered have 
involved parallel words of digital data where each bit in each 
word was transmitted simultaneously with the other bits in that 
word. In high-speed magnetic tape readers and other high- 
speed devices, this may not bea realistic assumption. Figure 13 
shows a hypothetical 4-bit magnetic tape system reading four 
parallel tracks from a tape. Before this data can be used in a 
digital system, it must be amplified, properly formatted and 
stored in an output register. Usually the individual bits of a given 
data word have been skewed with respect to each other during 
the record and playback operations. The actual data from the 
tape heads may look something like Figure 14. In some systems 
individual bits may be skewed as much as three words away 
from their companion bits. Deskewing the signals from the tape 
is an ideal application for the high speed of the 67401/A/B FIFO. 
In such systems there is usually other information about the 
skewed bits that can be detected and used to help deskew the 
data. In this application a separate FIFO must be used for each 
parallel bit of raw data. The remaining three bits of the FIFO may 
be used to buffer other data relating to the raw data. In our 4-bit 
example, skewed data is stored in bit zero of four parallel FIFOs 
and deskewed data is read at their outputs at the same average 
word rate for input and output. 
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Figure 13. ‘Magnetic Tape Lead to MTU Output 
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Figure 14. Magnetic Tape Deskewing 
Data Buffering for Delay 


In many applications the read and write rates of the FIFO are the 
same and may even be synchronized. This occurs when the 
data originating from the source must be delayed before it can 
be accepted by the destination device. If the destination for the 
data is a computer and it is occupied by controlling the source 
while the data is being generated, then the source data can be 
stored in the FIFO until the computer is freed from that task. 
Then it can immediately begin processing the data from the 
FIFO in the order that it was generated. — | 


FIFO Detailed Description of Operation 


The Monolithic Memories’ 67401 (Figure 15) is a high-speed, 
bipolar FIFO with a capacity of sixty-four 4-bit words. Four data 
lines, an active high READY status signal, and a clock input are 
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_ provided for both the input port and output port. Also provided is 
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INPUT 
READY 
SHIFT 
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a master reset signal that logically clears the FIFO to the empty 
condition. 


Data is entered into the first stage of the FIFO whenever the 
“AND” of the INPUT READY output signal and the SHIFT IN 
signal makes a LOW-to-HIGH transition. The device acknowl- 
edges the acceptance of data into the first stage by providing a 
LOW output on the INPUT READY line. The data then remains in 
the first stage until the SHIFT IN signal and INPUT READY 
signal are both LOW, and the next memory cell is empty. The 
device then passes the data from the input stage to the next 
memory Cell thus freeing the input stage to accept another word. 
The device indicates the ability to accept the next word by 
providing a HIGH output on the INPUT READY pin. 


Internally the data is passed from one cell to the adjacent down- 
stream cell, as soon as the adjacent downstream cell is empty. | 
This internal transfer operation occurs at a higher rate than data 
can be written into and read from the device. 


The output stage is loaded with new data whenever it is empty 
and the next stage upstream is not empty. The loading of the 
output stage is indicated by the OUTPUT READY signal making 
a LOW-to-HIGH transition. A specified delay time after both 
OUTPUT READY and SHIFT OUT signals are HIGH, the OUT- 
PUT READY signal will go LOW. The output becomes empty 
when the SHIFT OUT signal makes a high-to-low transition. The 
timing diagram for these operations is shown in Figures 16 and 17. 
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Figure 15. Logic Diagram 67401 FIFO 
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Figure 16. The Mechanism of Shifting Data Into the FIFO 
@ Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 


@® Input Data is loaded into the first word. 
@® Input Ready goes LOW indicating the first word is full. 


@ The Data from the first word is released for “fall-through” to second word. 

@® The Data from the first word is transferred to the second word. The first word is now empty as indicated by Input Ready HIGH. 
© If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
Note: Shift In pulses applied while Input Ready is LOW will be ignored. . 
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Figure 17. The Mechanism of Shifting Data Out of the FIFO 


@) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


@ Shift Out goes HIGH causing the next step. 
@ Output Ready goes LOW. 


@ Contents of word 62 (B-DATA) is released for “fall-through” to word 63. 
@) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
© If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


On Cascading Issues 


_ FIFOs sometimes have insufficient depth or width for a particu- 
lar application. These FIFOs can be cascaded to increase the 
depth and expanded to increase the width of the data word. In 
order to expand the width the shift-ins of all the FIFOs should be 
tied together. Figure 18 shows the technique for implementing a 
64x12 FIFO with 67401/A/B. IR and OR signals from all the 
FIFOs should be tied separately as shown. Also the shift-out 
clocks and the master resets of all the FIFOs should be tied 
together. 
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Figure 18. 64x12 FIFO with 67401/A/B 


FIFOs are expandable in depth and width. However, in forming 
wider words two external gates are required to generate compo- 
site Input and Output Ready flags due to the different fall- 
through times of the FIFOs. ” 8 


For a greater depth (increasing the number of words that can be 
stored in the FIFO) the technique is ahown in Figure 19. The 
Output Ready of the first FIFO becames the Shift-In for the 
second FIFO, while the Input Ready of the second FIFO 
becomes the Shift-Out for the first FIFO: Figure 19 shows the 
implementation of a 128x4 FIFO. The handshake which takes 
place between the two FIFOs is shown in Figure 20. After the 
master reset is asserted LOW the input ready of both the FIFOs 
goes HIGH waiting for data to be shifted in. When a word is 
shifted into the first FIFO it ripples to the outputs of the first FIFO, — 
which are actually tied to the inputs of the second FIFO. 


Once the data has rippled to the outputs of the first FIFO, it finds 
that Shift-Out was already HIGH (since it is connected to Input 
Ready 2, which was HIGH to indicate the second FIFO’s ability 
to accept another piece of data). Thus, Output Ready 1 goes 
HIGH. . 


This instantly causes Shift-In 2 to go HIGH, telling the second 
FIFO to accept the data on its inputs. After a time tiRL, then 
Input-Ready 2 goes LOW. This means Shift-Out 1 also goes 
LOW, telling the first FIFO it can place the next data on its 
outputs. 


‘FIFOs can be easily cascaded to any desired depth. The 


handshaking and associated timing between the FIFOs are 
handled by the FIFOs themeselves. 
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Figure 19. Cascading FIFOs to Form 128x4 FIFO 
‘with C5/C67401A/1 ! 
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Figure 20. Handshake Timing 


Sone Design Considerations. 


AFIFO isan asynchronous device, hence great care should be 
exercised.in designing with FIFOs. VCC should be clean, as 
noise on VCC can cause multiple shift cycles, internally. 
A recommendation is to add an 0.1-uF disk capacitor between 
VCC and GROUND. FIFOs should not be used to drive long 
lead lengths because of sensitivity to reflections. Always Mas- 
ter reset before starting any FIFO operation. Shift-In (SI!) and 
Shift-Out (SO) rise and fall times are also important. It is 
recommended to use a Schottky device as a driver, to avoid 
multiple shift-ins. . 


Application Examples 
UART to CPU Data Buffer 


A UART is an MOS/LSI device designed to provide the data 
interface between a serial communication link and data pro- 
cessing equipment. When transmitting serial data the UART 
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accepts parallel data bytes from the computer’s data bus, con- 
verts to serial data, and adds start, parity, and stop bits. The 
receiver section of the UART accepts serial data from a trans- 
mission line, modem, or terminal, validates the data by checking 
proper start, parity and stop bits, and converts the data to 
parallel bytes to be read by the computer on its data bus. In 
effect, the UART is a monolithic serial I/O port for the compu- 
ter. Serial data rates up to 9600 baud are permitted by the 
UART, but much slower rates (110 to 300 baud) are commonly 
used to interface terminals. 110 baud corresponds to 10 bytes 
per second at the data bus. FIFOs can be used between the 
computer's data bus and the UART in both receive and trans- 


mit mode to match the low serial transmission rates to high 


speed bursts that make much more efficient use of the compu- 
ter’s time and memory space. A logic diagram for this interface 
is shown in Figure 21. Four 67401 FIFOs are connected ina 
series/parallel arrangement for both the transmit and the 
receive buffers. This arrangement permits a 128-byte buffer 
capacity for transmit and 128 bytes for receive. The buffers can 
be expanded easily in both width and length to accommodate 
different computers or greater buffer capacity. 
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Figure 21. UART Data Buffer Logic for XMIT and RCV Using 67401 FIFOs 


Transmit Buffer Operation 


The interface shown in Figure 21 allows the computer to write 
bursts of up to 128 bytes at the maximum data rate of the 
computer into the 67401 FIFO array. The input ready signals 
are ANDed together and fed back through a status port to the 
computer data bus so that burst data may be written under 
program control as rapidly as the write program will allow. The 
UART reads the outputs of the FIFO array one byte at a time, 
adds start, stop and parity bits and serializes the data to the 
serial output at the desired transmission rate (assumed to be 
much slower than the input burst rate). Assuming that the FIFO 
array is initially empty, the operation proceeds in accordance 


with the timing diagram in Figure 22. When the first parallel . 


byte reaches the output of the buffer, the Output Ready lines go 
high. When both OR1 and OR2 have gone high, the NAND gate 
drives the UART’s Transmit Buffer Register Load (TBRL) signal 
low. After the tPHL delay in the UART, the Transmit Buffer 
Register Empty (tBRE) signal goes LOW, causing the UART to 


begin shifting out the serial data. tBRE is inverted and a HIGH 
signal is fed back to the shift out (SO) inputs causing the Output 
Ready lines to go LOW. When all bits have been shifted out of the 
transmit buffer register and tBRE is returned HIGH, SO is driven 
LOW. After the internal FIFO delay tORH the OR lines return 
HIGH if a new byte is available at the output of the FIFO and the 
process repeats until the buffer is emptied. 


Transmit Buffer Empty Logic 


In many applications of the 67401 FIFO it is necessary to 
determine when the transmit buffer is empty or the receive 
buffer is full. The logic required to provide both these signals is 
shown in Figure 21. 


The 67403D from Monolithic Memories features two status flags: 
a Half-Full flag and an Almost-Full/Empty flag. These status 
flags can be used to signal to the system that the FIFO is 
approaching an empty state or a full state. 
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Figure 3. Fall-through, Single-stack, FIFO Architecture 


A new approach to the design of FIFOs significantly enhances 


their maximum operating frequency by blending these two 


architectures. This hybrid approach, used in the design of the 
57/67413A at Monolithic Memories, is a mix of mostly fall- 


through or “stack” architecture with a small amount of pointer 


operation i.e., RAM-based technique. 


When a word of data is written into the “Fall-through” FIFO, it 

“trickles down” and stacks on top of the residing words. When a 

word is read out, an empty location is created at the bottom and 

all residing words aree down, mee the empty location 
“bubble up.” 
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Figure 4. RAM-based FIFO Architecture 
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A RAM-based FIFO consists of a memory array, a write address 
counter, a read address counter, and a status counter/sub- 
tracter. When a word is entered into the FIFO, it is written into the 
location pointed by the write address counter. The counter is 
then incremented to point at a subsequent location. The read 
address counter is used to point at the location of a word which 
is read out of the FIFO. A subtracter can be used to keep track 
of the difference between these two counters and signal when 
the FIFO is full or empty. In order to achieve high speeds, “ring” 
address counters and a comparator are used instead of tradi- 
tional binary counters and a subtracter. 
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Figure 5. 413 Dual-stack, Hybrid Architecture 


The internal architecture of Monolithic Memories’ 57/67413 
FIFO incorporates a dual stack and a pointer to double the 
maximum frequency and halve the fall-through time. The 


-57/67413 has sixty-four words, of five bits each, arranged in two 


separate thirty-two word “fall-through” stacks, an input port, an 
output port, and two side pointers. The input port andthe output 
port each generates its own handshake signals. The input side 
pointer controls the demultiplexing of incoming data into the 
two stacks, and the output side pointer controls the multiplexing 
of the outgoing data from the two stacks onto the output port. 
The multiplexer and demultiplexer are incorporated in the input 
and output ports. 
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High-Speed Disk Memory Buffer 


A common computer interface requirement is a high-speed 
serial data interface to a disk memory or other high-speed 
device. Data is often formatted into records, tracks or other 
blocks that can be taken together and transmitted as a burst. 
In the case of a high-speed, high-density disk the data transfer 
must be made when the desired data passes by the read head. 
In order for the computer to use this data it must be converted to 


parallel data words the size of the computer’s basic data word 
and then resynchronized at a parallel word rate that is conve- 
nient for the computer. The reverse of this operation is required 
to write serial data from the computer to the disk. The logic block 
diagram (Figure 24) shows a method for accomplishing both 
serial-to-parallel read and parallel-to-serial write using 67417, 
67401 and 67402 FIFOs to buffer 16-bit data words between a 
microcomputer and a high-speed disk. Seria! data rates up to 10 
MHz are possible with the components shown in the diagram. 
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Second Generation FIFOs Simplify System 
Design and Open New Application Areas 


In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as a tape reader or a slow main memory. It is 
more efficient to have the microprocessor transmit and receive 
blocks of data at its full speed, but the peripheral must, due to its 
basic nature, transfer data one “piece” at a time, at aslow steady 
rate. A FIFO, used to buffer a block of data, can simplify the 
hardware design, and allow each subsection to handle the data 
transfer at its own characteristic pace. 
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Zwie Amitai, Barry Hoberman and Nusra Lodhi 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — Monolithic Memories’ 67413 — which 
operates in frequencies exceeding 35 MHz. New application 
areas induced the design and development of system-oriented 
FIFOs: the 54/74S417 Serializing FIFO which incorporates serial- 
to-parallel and parallel-to-serial conversion on the same chip, 
and the 4219 FIFO RAM Controller, which is used with an array 
of static RAMs to create very deep FIFOs (up to 64K deep) of 
indefinite width. 
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Introduction 


In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as a tape reader or a slow main memory. It is 
more efficient to have the microprocessor transmit and receive 
blocks of data at its full speed, but the peripheral must, due to its 
_ basic nature, transfer data one “piece” at a time, at a slow steady 
rate. A FIFO, used to buffer a block of data, can simplify the 
hardware design, and allow each subsection to handle the data 
transfer at its own characteristic pace (see Figure 1). 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — Monolithic Memories’ 67413 — which 
operates in frequencies exceeding 35 MHz. New application 
areas induced the design and development of system-oriented 
FIFOs: the 54/74S417 Serializing FIFO which incorporates serial- 
to-parallel and parallel-to-serial conversion on the same chip, 
and the 4219 FIFO RAM Controller, which is used with an array 
of static RAMs to create very deep FIFOs (up to 64K deep) of 
indefinite width. 
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Figure 1. Slow Steady Rate to Fast ‘Blocked Rate’ FIFO 
Applications 


FIFO Architectures Exhibit 
Performance Trade-offs 


A FIFO — First-In First-Out — is adual port memory, from which 
data can be read only in the same order in which it was written. 
A FIFO has two independent ports: an input port and an output 
port. Each port has a READY output and a SHIFT input, which 
allow the system to access the FIFO. Newer FIFOs have 
additional “status” flags. The 67413 has a HALF-FULL flag and 
an ALMOST-FULL/EMPTY flag. The ALMOST flag indicates to 
the system that an action has to take place to maintain the data 
flow. The HALF-FULL flag is used to determine which action 
must take place: start filling or start emptying the FIFO to main- 
tain continuous data flow (Figure 2). 


i 
Ae \ Dua aay ee 


BS PAW Ay! (iy rf Po Th = 
Gs : VID UR VES 


“ THE STATUS FLAGS ON THE HIGH-SPEED ‘413A FIFO 


INDICATE WHEN THE FIFO IS CLOSE TO BEING FULL 
OR CLOSE TO eowe EMPTY, OR MORE or LESS 
_ THAN HALF FULL.. 


There are two approaches to FIFO internal architecture. One is 
the “Fall-Through” architecture based on shift-register tech- 
nology such as in Monolithic Memories’ 57/67401/2. The other 
approach, the “RAM-based” approach, uses a random access 
memory (RAM) array and pointers (i.e. counters) that keep track 
of the order of the data read and written. An extreme case of the 
latter architecture is a FIFO constructed from an array of 
memory chips and an LSI FIFO RAM Controller that consists of 
the above mentioned counters/pointers and control logic. Each 
approach has its advantages and drawbacks. A successful 
compromise between these two architectural approaches led to 
the 67413’s unique architecture allowing super-fast operation 
with a relatively low fall-through time. 
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Figure 2. 67413 Pin Contiguration 
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Receive Operation 


The receive buffer logic is shown in the right hand portion of 
Figure 21 and the timing diagram is shown in Figure 23. The 
UART receives serial data with start, stop, and parity bits, evalu- 
ates parity, and converts the data to parallel bytes to be stored in 
the FIFO at the slow or erratic receive rate. The Data Ready (DR) 
signal of the UART is tied to SI on the two FIFOs and the two IR 
lines are ANDed together to drive the Data Ready Reset (DRR) 
line of the UART. When the FIFO is ready to accept a byte of data 
from the UART, the AND of the two IR signals holds DRR HIGH. 
If the UART has a new byte, it sets DR HIGH, driving SI HIGH to 
enter the new data into the input register of the FIFOs. After the 
tiIRL delay, IR goes LOW driving DRR LOW. After the tPHL delay 
in the UART, DR goes LOW driving SI LOW. If the FIFO is not full, 
IR returns HIGH after tIRH indicating to the UART that the FIFO 


FIFO EMPTY =| BYTE REACHES END OF FIFO 


OR1 ¢ OR2 


is ready for the next byte. This cycle repeats until the UART has 
no more data or the FIFO buffer is full. 


Within the FIFOs each new data byte propagates to the top of 
the available storage until the computer decides to read the 
stored words at its higher burst rate. The FIFO outputs drive a 
three-state bus driver interface to the computer data bus. 
67403 has a three-state capability. The OR signal is available to 
the computer via the status port which can be sampled period- 
ically by the computer to determine when new data is available. 
The computer program initiates data transfers to the bus at its 
maximum rate by enabling the three-state buffer for each byte 
and checking the status port between each read cycle. 


If the UART fills the FIFO buffer before the computer can get 
around to dumping it, the almost-full flag generates an interrupt. 


TBRL 
tPHL tPHL 
“(UART) (UART) 
TBRE a. 
so 
TRANSMIT TIME ORH 
(FIFO) 


Figure 22. Timing Diagram, Transmit Buffer Operation 
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Figure 23. Timing Diagram, Receive Buffer Operation 
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Figure 24. High-Speed Serial Interface 
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YQ Input Ready HIGH indicates space is available and a Shift-in pulse may be applied. 
¥) Input Data is loaded into the first word. The Data from the first word is released for ‘ ‘fall-through” to second word. 


Input Ready goes LOW indicating the first word is full. 


 Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
() If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 


Figure 6A. The Mechanism of Shifting Data into the FIFO 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA » 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


® Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


® Output Ready goes LOW. 


@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
©® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


Figure 6B. The Mechanism of Shifting Data Out of the FIFO 


The above internal scheme is transparent to the user, who is 
required only to conform to the FIFO’s simple, asynchronous 
handshake protocol. Two signals: Input Ready (IR) and Shift Out 
(SO) control the data flow into the FIFO (see Figure 6A). Two 
signals: Output Ready (OR) and Shift Out (SO) control the data 


flow out of the FIFO (see Figure 6B). A Master Reset (MR) signal 
is provided to clear the FIFO. The master reset must be pulsed 
(LOW) after power-up to prepare the FIFO. to accept data in the 
first location. 
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Figure 7. High-speed Processor Architecture 


FIFO interface Allows Subsystems to 
Operate at Independent Rates 


In pipelined architectures, as shown in Figure 7, a number of 
events take place concurrently. Instructions are fetched from the 
memory into a cache, instructions undergo processing in the 
Instruction Decoder, and the output of this unit initiates the 
sequence of executable microinstructions. 
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Figure 8. An Instruction FIFO and an Effective Address FIFO 
in a Basic Instruction Decoder 


The concept of “free-running,” independent subsystems that are 
interfaced via FIFOs can be further carried to the main memory 
section. Here, too, efficient choices of the data bus speed and 
address bus speed do not necessarily match the inherent speed 
of the main memory. Four FIFOs can simplify the interface of the 
main memory to the address and data buses, as shown in 
Figure 9. 
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Figure 9. Four FIFOs Simplify Main Memory Interface 


In order to achieve high throughput, the instructions are queued 
in an instruction FIFO, and the instruction lookahead can 
operate on the instructions independently of the data bus 
operations. A basic function of the instruction decoder is to 
compute and provide an effective address to the address bus 
(Figure 8). Once again, the rate of the address generation must 
fit the rate at which the addresses are needed. An effective 
address FIFO simplifies the design of the system sections, 
enabling each to operate independently, as long as their average 
throughputs are the same. The high speed of the 67413 (35 MHz), 
and its short fall-through time make it a natural candidate for this 
task. A three-state output stage with high drive can directly drive 
a bus and does away with the additional delay caused by buffers. 


Fast FIFOs Capture New Application 
Domains 


The existence of very fast FIFOs brought about new application 
domains such as data acquisition of fast signals. The following 
systems exhibit typical high-speed data acquisition techniques 
using high-speed memory buffers to accommodate data rate 
differences between the signals and the data logging system. 
The system shown in Figure 10 detects and stores the pulse rate 
and frequency of radar signals using a Bragg cell. Both amplitude 
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Figure 10. Radar Frequency and ames Acquisition 


and frequency data arrive at the rate of 50 MHz and are buffered 
by FIFOs. A Bragg cell translates the frequency of the radar 
signal into a deflection of a laser beam, and the amplitude of the 
radar signal into the intensity. level of the laser beam. The 
deflected laser beam hits one or two fibers out of a collection of 
fibers of different lengths, that are connected to a photocell. The 
signal arrives at the photocell after a delay determined by the 
length of the fiber. Therefore, the delay relates directly to the 
radar frequency. A counter is used to measure the delay. The 
counter is reset when the laser beam is triggered, and once the 
beam is detected at the photodetector, its contents are written 
into a buffer. This technique is quite general and can be used 
also for pulse rate measurement. The laser beam intensity is 
sampled, converted to a digital format, and written into another 
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DETECTOR DATA 


| MULTIPLEXER. | a ees 
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7x67413 
64x32 
FIFO 
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buffer. Two FIFOs and a multiplexer are needed for each buffer 
to allows data rates over the FIFO’s 3S-MHz maximum operating 
frequency up to 70 MHz. | 


Another data acquisition application is a Particle Flight Detector. 
Due to the nature of the observed phenomena, the data coming 
out of a Particle Flight Detector is generally in short bursts. The 
temporal frequency of the data exceeds 30 MHz while the 
average rate of the data stream is much lower, and can be 
handled by a standard bus such as the SYSBUS (32-bit, 10-MHz 
international standard bus for physics instrumentation). The 
block diagram shown in Figure 11 utilizes an array of 35-MHz 
FIFOs to handle the bursts of data and two arrays of static RAMs 
to ensure maximum bus throughput. 


wm LN S\ININI NS 


MEMORY-BUS TRANSFER K oe. K+1 


_ Figure 11. Particle Flight Detector Interface to a 10 MHz Bus (SYSBUS) . 
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Figure 12. A FIFO RAM Controller and Static RAMs Make a Very Deep FIFO of Variable Width 


Very Deep FIFOs implemented by an signal sets for input (write) and output (read) operations. A read 
LSI Controll da Static RAM A counter and a write counter provide the read and write 
ontroller and a ic rray addresses, while an up-down counter keeps track of the dif- 
The search for system-oriented LSI solutions for very deep ference between these two counters... The status flags include 
buffers, such as those needed for communication networks, the FULL, EMPTY, ALMOST-FULL/EMPTY, and the HALF-FULL 
resulted in the development of the FIFO RAM Controller which flags, and are generated according to the buffer length selected. 
can make a static RAM array look like a FIFO (see Figure 12). The buffer length can vary from 512 to 64K words, and the 
The 54/74S4219 FIFO RAM Controller integrates all address maximum data rate at each port exceeds 15 MHz. Arbitration 
generation and status detection needed to control the static between read and write requests is done in the controller 
RAMs, giving the system designer two simple “handshake” according to priority rules pin-selected by the user. 4 
4219 
CLOCK @ 
@ 
WRDY ® 
WREQ 
@ 


WREGCK ® ® 


ADDRESS VALID ® 
WwW \ / 
© 


@) WRDY is HIGH; new Write requests may be made. 

@ A Write request is made (WREQ pulled LOW) asynchronously of the '4219 clock. . 

) The request is synchronized, WRDY goes LOW to indicate that no Write request should be made. WREGCK goes LOW. 
@ WREGCK goes HIGH clocking the data into the Write Data Register. 

() A Write cycle takes place over two '4219 clock cycles. 


Figure 13. 4219 Write FIFO Operation 
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Figure 14. 67417 Serializing FIFO Architecture 


The '4219 was designed to isolate the static RAM array from the 
rest of the system so that the handshake protocol will be similar 
to the protocol required by most FIFOs. The ’4219 generates all 
the control signals for the static RAMs, and the subsystems on 
either side monitor two outputs of the 4219 (the Register clock 
and the Ready) and supply only one control signal (Request). 
The protocol of the write (input) FIFO transaction is shown in 
Figure 13. The data must be available at the write data register no 
later than one ’4219 clock cycle after the write request has been 
asserted. The data may be terminated after WREGCK has gone 
HIGH clocking the data into the register. The read (output) FIFO 
transaction protocol is similar. The data is available at the read 
data register outputs once RREGCK is HIGH. The priority 
controls and the request enables give the system designer more 
flexibility in his system design, and allow one subsystem to take 
either complete control of the FIFO operation, or just priority in 
case of simultaneous write and read requests. 


System Oriented FIFOs Incorporate 
Serializing / Deserializing Functions 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing operations. It can 
be successfully used for interfacing parallel-format computing 
equipment to serial-format data communications and mass 
memory equipment. The device’s architecture (see Figure 14) 
includes one parallel port for both input and output of parallel- 
format data, and two serial ports: one for input and one for 
output. Data flow can be parallel-to-serial, serial-to-parallel, and 
serial-to-serial. Each port has its own Request-Ready signal pair 


and is accessed using a simple handshake protocol similar to 


the one used for most FIFOs. 


Most applications of the 67417 conform to the block diagram 
shown in Figure 15. The ability to change the FIFO’s direction 
may be used to reduce chip count in systems that always empty 
the FIFO contents before changing the direction of the data 
transfer. Other applications may use two FIFOs back-to-back to 
create a FIFO transceiver with serializing/deserializing capability. 


The word length of the parallel format can be eight or nine bits 
(selected by the WL pin), and can be changed when the FIFO is 
partially full. This feature allows the FIFO to be loaded with 8-bit 
words and unloaded as a 9-bit FIFO with zeros in the 9th bit 
locations. 
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Figure 15. ’67417 Serializing FIFO Interfacing a CPU 
and a Serial Data Communication Link 


With the availability of high-speed FIFOs with “system-oriented” 
features, such as high drive and status flags, system designers 
can have a more compact and flexible system architecture. New 
application areas appear for the new FIFOs using their higher 
speeds and special features. 
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Abstract 


_ The First-In, First-Out Memory (FIFO) allows the system 
designer to buffer two streams of data which are running at 
different rates, even asynchronously. This application note 
pertains to cascadable FIFOs, which can operate as a 
single-component data buffer, or can be cascaded to form 


11116A 
JULY 1988 


Shallow FIFOs 


John McGowan 


deeper, multi-component, customized buffers. Ensuring that 
these devices can cascade over a large frequency range, and 
with asynchronous data streams, requires certain timing 
criteria to be satisfied. These criteria are the focus of this 
application note. 
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Operation Overview 


Small FIFOs are controlled by two signals, Shift In (SI) and 
Shift Out (SO). There are two status signals generated by the 
FIFO: input Ready (IR) and Output Ready (OR). A typical small 
FIFO pinout is shown in Figure 1. 
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INPUT READY | 2 | 


148 | Vcc 


SHIFT OUT 
SHIFT IN] 3, 


Do| 4| 


16 OUTPUT READY 


45-| 00 


D1} 5 | 44] 01 

DATAIN 4 D2] 6 13]02 ¢ OUTPUTS 
| D3 142 | 03 
D4] 8 | 11] 04 


GND] 9 | 


40] MASTER RESET — 


Figure 1. Typical Small-FIFO Pinout 


Data is shifted into the FIFO as follows: 
1.. Sland IR both being HIGH initiates the shift in. 


2. The FIFO internally detects a valid shift in by ANDing the 
SI and IR signals. 


3. Data is latched by the FIFO when this valid shift is 
detected. 


4. The FIFO acknowledges the valid shift by bringing IR 
LOW. 


5. The SI line is brought LOW to complete the shift in 
operation, and to reset the valid shift detect. 


6. IRreturns HIGH if there is room for new data. 


Data is shifted out of the FIFO as follows: 
1. SO and OR both being HIGH initiates the shift out. 


2. The FIFO internally detects a valid shift out by ANDing the 
SO and OR signals. 


CASCADE 
INTERFACES 
<=————-—_ UPSTREAM 


3. The FIFO acknowledges the valid shift out by bringing OR 
LOW. 


4. The SO line is brought LOW to complete the shift out 
operation. 


5. — If the FIFO is not empty, OR will return HIGH following SO 
going LOW. Whenever OR is HIGH, a valid data word is 
present at the outputs. 


The shift in operation is independent of the shift out operation, 
allowing data to be shifted in at a different rate than it is shifted 
out. The FIFO indicates that it is full by holding IR LOW after a 
shift in, and that it is empty by holding OR LOW after a shift out. 


Cascading 


lf a deeper buffer size is required, two or more FIFOs may be 
cascaded, as shown in Figure 2. 


The operation of this buffer is identical to that of the single 
FIFO buffer. The user controls the shifting of data into the most 
upstream part, and the shifting of data out of the most 
downstream part. This composite buffer has the same hand- 
shake (SI, IR, SO, and OR) and data (DO..D4, O0..04) lines as 
a single FIFO. 


The user has control over the data as it enters and leaves the 
buffer. The passage of data through the “middle” of the buffer 
is beyond user control. This data must be capable of being 
correctly transferred between any of the “middle” devices at a 
rate greater than or equal to the overall buffer throughput rate. 


The point of data transfer between two FIFOs is called the 
cascade interface. There are numerous timing criteria which 
must be satisfied by the FIFOs on each side of this interface in 
order to ensure a flawless transfer of data. This is true even for 
two-FIFO buffers, in which the“middle” of the buffer consists of 
a single cascade interface. Such criteria must be satisfied at . 
all frequencies within the operating range, and for asynch- 
ronous data streams. The following cases illustrate the various 
timing conditions that may be encountered whenever two or 
more FIFOs are cascaded. 


IR SO sO 
Sl OR OR 
5 
OUTPUTS 
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FIFO Y 
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Figure 2. A Cascaded Buffer 
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Case 1: Low-Frequency Falithrough 
Monolithic Memories’ shallow FIFOs are fallthrough devices, 
that is, the first word shifted into an empty part automatically 
“falls through” the buffer and it becomes visible at the outputs. 
Its presence is indicated by the rising edge of OR. The following 
sequence describes this fallthrough action as a word is shifted 
into FIFO A (see Figure 2): 


1. IR of FIFO Ais HIGH because the device is empty. 


2. The user brings S! HIGH, latching the data word and 
commencing a shift in. 


3. Slis then brought LOW to release the word for fallthrough. 

4. OR of FIFO A will go HIGH within the “fallthrough time” 
(tPT). OR going HIGH signals a valid word at the outputs. 

5. IR of FIFO B is HIGH because it, too, is empty. 

6. Because OR of A is tied to SI of B, a valid shift in is begun 


into FIFO B on the rising edge of OR. 


7. Because IR of B is tied to SO of A, a valid shift out is begun 
(SO*OR = 1) out of A. 


8. Data is simultaneously shifted out of A, and into device B. 
The transfer is thus begun. 
9. Because a valid shift out is detected in A, OR goes LOW 


to acknowledge it. This becomes a falling edge on SI for B. 
10. The transfer is now complete. The word falls through B, 


then through FIFO C, and so on, until it reaches the 


' outputs of the bottom FIFO. 


The timing diagram for low-frequency fallthrough is shown in 
Figure 3. 
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Figure 3. Low-Frequency Fallthrough 


The term “low frequency” means that the time between arrival 
of words is long relative to the time required for a data transfer. 
There is a basic set of timing requirements that must be 
satisfied in all fallthrough cases, plus an additional one for 
high-frequency operation. The basic set will now be discussed. 


Consider a cascade interface between FIFOs X and Y of Figure 

2. The OR of X goes HIGH, then is quickly reset once a valid 

shift out is detected. The duration of this OR pulse, termed 

tOPH, must be long enough to be used by the SI of the 
- downstream FIFO (Y). Specifically, 


_ TOPH > tSIH(required) [1]. 
This requirement is shown as a function of temperature in 
Figure 4. 
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Figure 4. topH VS. tsip at a Particular Vcc 


The tOPH requirement is derived from histograms generated 
during the characterization of a broad sample of cascadable 
parts. The parts are tested individually at a variety of voltage 
and temperature conditions. Monolithic Memories specifies its 
cascadable FIFOs with a reliable margin between the tOPH and 
tSIH histograms under each condition. 


A short logic 1 pulse on SI will produce a short logic 0 pulse 
(tIPL) on IR. tlPL must be long enough to be recognized as a 
legitimate SO low pulse by the upstream part X. Thus, 


tIPL > tSOL(req) [2]- 


There is a direct relationship between tSIH and tiPL. The 
requirements on tIPL from [2] are used to dictate the 
requirements on tSIH. The parameter t)p_ is used only for 
characterization and internal testing and does not appear in 
Monolithic Memories data sheets. 


Next, there is the need for SO and OR to be simultaneously at 
a logic 1 long enough for the FIFO to detect a valid shift out. 
This time requirement, which is not found in the datasheets is 
termed tSOHR(req), “time for SO to remain high after OR goes 
high.” If IR, which drives SO, goes LOW too soon after a valid 
shift in is detected in Y, the tSOHR requirement in X may be 
violated. If so, no shift out will take place. Therefore, 


IRL > tSOHR(req) [3]. 


The parameter tSOHR is characterized and tested. It is 
normally small relative to tSOH. 


The last requirement for Case 1 pertains to data set-up. When 
in the fallthrough mode, input data is taken as valid on the 
rising edge of SI. The set-up time for this data (tIDS) must be 
met. Note, however, that meeting this set-up time is the 
responsibility of the upstream part (X). When X brings its OR 
pin HIGH, it indicates that new data is present. The time from 
OR HIGH to new data valid is termed tORD. Because this rising 
edge commences a shift in for the downstream part, the 
following relationship must hold: 


ORD > tIDS(req) [41- 


In all Monolithic Memories cascadable FIFOs tIDS max is 
specified at zero, while tORD max is never specified greater 
than zero. By this convention, [4] is always satisfied. The 
validity of inequality [4], and others documented in this 
application note, are ensured via the method of separation of 
parametric distributions, as illustrated in Figure 4. 
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Case 2: Low-Frequency Bubbleback 


The term “bubbleback” is a hangover from the register-based 
FIFOs. Bubbleback occurs when one or more devices in the 
composite buffer are full, and a word is clocked out of the most 
downstream one. A vacancy is created in this bottom FIFO, 
and is soon filled by the first FIFO upstream from it. The 
vacancy then “bubbles back” all the way to the most upstream 
FIFO. In the process, a data transfer is required each time the 
vacancy crosses a cascade interface, as was the case for 
fallthrough. 


The following sequence describes this bubbleback action: 

1. The user shifts data out of the most downstream FIFO. 

2. Since this FIFO is no longer full, its IR pin goes HIGH. 

3. The first FIFO upstream from it held its OR HIGH, because 
it was not empty. 


4. The IR of the end FIFO is tied to SO of the FIFO above it. 
The. rising edge on IR commences a shift out of the 
upstream FIFO. 


5. Simultaneous shift cycles occur in both FIFOs. IR of the 
| end FIFO goes LOW to acknowledge the valid shift in. 


6. IR going LOW in the end FIFO resets the valid shift out of 
the upstream device. Since this upstream part is not 
empty, its OR pin returns HIGH. 


7. Because this upstream part now contains a vacancy, it 
commences a shift out of the next higher part. This 
process continues until the vacancy reaches the most 
upstream device. 


The timing diagram for the cascade interface is shown below. 
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Figure 5. Low-Frequency Bubbleback 


In bubbleback it is IR going HIGH which initiates the transfer of 
data. IR goes HIGH, then is quickly reset once a valid shift in is 
detected. This is analogous to the fallthrough case in which OR 
is pulsed HIGH. The first three bubbleback inequalities, then, 
are merely I/O duals of [1] through [3]:. 


tiPH > tSOH(req) [5]. 

toPL > tSiL(req) [6], 

tORL > tSIHR(req) [7]. 
There is no data set-up requirement for low-frequency 
bubbleback since the next data word is present and waiting 
long before a vacancy arrives for it. This data must, however, 


satisfy a hold time requirement, as measured from the start of 
the valid shift in. | 


As seen in Figure 5, SO is brought LOW in the middle of the 
data transfer. Bringing SO LOW clears the upstream FIFO, 
causing its read pointer to advance. A new data word then 
begins its way toward the outputs. The current word being 
transferred eventually becomes “old” data, to be replaced by 
the next word. The time that the “old” data is held after SO goes 
LOW is called tODH. 


The bubbleback hold time requirement (see Figure 5) can be 
expressed as: 


IPH + tODH > tRIDH(req) [8a]. 
The parameter tRIDH is the data hold time, relative to IR going 
HIGH. It is measured relative to IR because, in the bubbleback 
case, IR initiates the shifting-in of data. | 


Testing of [8a] is required to ensure cascadability in all 
outgoing parts. However, inequality [8a] mixes parameters 
from both the upstream (tODH) and the downstream (tIPH, 
tRIDH) parts. It is therefore necessary to rewrite [8a] so that it 
can be examined on individual parts: 


[tiPH - tRIDH(req)] > -tODH [8b]. 
The quantity on the left hand side of the equation becomes a 
new characterization parameter, called ti. If there is a 
sufficient margin between the test histograms of t1 and tODH 
(as was the case for tOPH versus tSIH), then criterion [8a] will 
certainly be satisfied. 


Case 3: Higher-Frequency Fallthrough 


In Case 3, the frequency of operation becomes high enough 
such that the data transfer time is no longer negligible when 
compared to the time between arrivals of any two words. Still, 
the frequency is low enough such that the operation is clearly 
fallthrough, i.e., OR going HIGH initiates the transfer of data 
into a downstream part that is clearly waiting for new data. 


The timing diagram for this case is shown in Figure 6. 
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Figure 6. Higher-Frequency Fallthrough 


Inequalities [1] through [4] from Case 1 still hold. One more 
must be added to account for the second rising edge of OR, 
which now occurs soon after the data transfer. 


The falling edge on IR, which occurs after a valid shift in is 
detected, is seen by the upstream part as a falling edge on SO. 
This implies a read pointer advance, which could bring new 
data to the outputs. In the low-frequency case there was no 
new data to bring, so the current word remained valid for quite 
some time. At higher frequency, there is a new word to bring to 
the outputs, which reduces the time that the current data is 
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valid. There is the risk of a data hold time violation unless the - 
following relationship is met: 


tIRL + tODH > tIDH(req) [9]. 
The parameter t|DH is the data hold time relative to SI going 
HIGH. 


As the frequency of operation gets continually higher, the 
second rising edge of OR falls closer to that of IR. The limiting 
cycle time for true fallthrough, as depicted here, is tiIRL + 
tORH, although this cycle time may not be obtainable due to 
limitations described in the section on natural frequency. 


Case 4: Higher-Frequency 
Bubbleback 


in Case 4 the time between creations of vacancies approaches 
the time required for data transfer. However, the frequency is 
assumed low enough such that the operation is clearly 
bubbleback, i.e., the rising edge of IR initiates a shift out of an 
upstream part which is clearly waiting with valid data. 


The timing diagram for this case is seen below. 
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Figure 7. Higher-Frequency Bubbleback 


Inequalities [5] through [8] from Case 2 are still pertinent. One 
more must be added to account for the rising edge of IR, which 
reappears soon after the data transfer. 


As vacancies bubble back at ever increasing rates, there is the 
risk of violating the data set-up requirement as measured from 
the edge of IR. Specifically, the following relationship must hold: 


(CYCLE - tIPH - tODH > tRIDS(req) [10]. 

The parameter tRIDS is the set-up time relative to IR going 
HIGH. Inequality [10] tells us that if tCYCLE gets too short, there 
may be a data set-up violation. As seen in Figure 7, so long as 
we remain in bubbleback mode, with IR coming high after SI, we 
will have tiPH + tODH + |tORD| < tCYCLE, implying 
tCYCLE-tiIPH-tODH > |tORD|. However, Monolithic Memories 
designs its cascadable devices such that tRIDS(req) < 0, and 
tORD < 0, thereby ensuring that there is no set-up violation. 


As the frequency of operation gets continually higher, the 
second rising edge of IR falls closer to that of OR. The limiting 
cycle time for true bubbleback, as defined here, is tORL + tiRH, 
although this cycle time may not be obtainable, as discussed in 
the next section. 


Case 5: Natural Frequency 


As mentioned previously, the user has no control over the 
handshake operations at the cascade interfaces. If the user 
shifts words into a relatively empty buffer at low frequency, the 
cascade interfaces will operate in the fallthrough mode (Case 
1). If the user shifts words out of a relatively full buffer at low 
frequency, then the interfaces will be forced to operate in 
bubbleback mode (Case 2). For continuous operation at 
moderately high rates, the interface timing will begin to 
resemble one of the next two (3 and 4) cases. 


As the frequency is increased further, the interface timing may 
no longer be clearly bubbleback or clearly fallthrough. This is 
what occurs as the throughput rate approaches the natural 
frequency of the cascade interface. This natural frequency is 
the maximum frequency at which the handshake signals can 
negotiate part-to-part data transfers. Consider Figure 8. 
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Figure 8. Zero-Phase Incidence 


Figure 8 illustrates a perfectly legitimate handshake operation. 
There is clearly a shift in (SI*IR=1) and a shift out (SO*OR=1), 
implying a transfer of data. However, none of the previous 
cases directly apply since it is neither a fallthrough nor a 
bubbleback case. 


In the fallthrough mode SO was clearly high before OR, while IR 
went high clearly before SI. Thus, SO had positive phase 
relative to OR, while S! had negative phase. Likewise, the 
bubbleback mode has negative phase for SO and positive 
phase for SI. The relative phases of the SI and SO signals 
have important implications for the cascading parameters at 
high frequencies. As explained later, the natural frequency of 
cascading must be guaranteed higher than the maximum 
throughput rate applied to the cascaded FIFO system. 
Predicting and measuring the natural frequency poses some 
difficulties, as explained below. | 


The fallthrough parameters tIRL, tOPH, tiDS, etc., are all 
characterized at positive SO, negative SI phase, whereas the 
bubbleback parameters tORL, tIPH, tRIDH, etc., are all 
characterized at positive SI, negative SO phase. When the 
relative phases approach zero from either side (Figure 8), the 
meaning of these parameters becomes ambiguous. Take for 
example the parameter “time from valid shift in (SI*IR=1) to IR 
going low.” For positive phases this quantity approaches the 
tIPH asymptote, while for negative phases it approaches the 
tIRL asymptote. When the phase is near zero, this quantity lies 
somewhere in between, as shown in Figure 9. 


As indicated on the graph, a new name is required for this 
pseudo-parameter. It will be known here as tVSIRL, or “time 
from valid shift in to IR low.” Similar graphs can be generated for 
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the pseudo-parameter:called tVSORL, as well as for t(R)IDS 
and t(R)IDH.. This sort of graphical information is. useful when 


analyzing operating characteristics at or near the natural. 


frequency. At this point there are two appipecre one can take 
to predicting the natural frequency: 


1) Take an iterative approach to deierinlie the 5 dain 


working values of phase (o); tVSIRL(o), tVSORL(6), t 
(R)IDS(9), etc., using two figures, 10 and 11. 


‘VsIRLinsec 


+ 
otsl, IR] / nsec 


Figure 9. tVSIRL as a Function of Phase 
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Figure 10. Positive SO/OR Phase at Natural Frequency 


SI(OR) 
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Figure 11. Positive SI/IR Phase at Natural Frequency 


One needs to determine which of the two cases (Figures 10, 
11) has a lower maximum frequency. In equation form: _ 


1/AMAX = max{tySIRL(O)+tORH:tVSORL(O)+tIRH} [11]. 


2) Approach (1) provides the exact value of the natural 
frequency, but only after a considerable amount of 
iteration. There exists a simpler approach to the problem, 
based upon the results of Cases 3 and 4. This approach 
yields a conservative estimate of the natural frequency, 
such that if the composite buffer is operated at or below 

_. this frequency, cascadability can be guaranteed. 


Figure 6 depicts fallthrough operation based on the assumption 
that tIRL + tORH is clearly greater than tOPH + tlRH. If this is 
not the case, then the second rising edge of OR could possibly 
occur before the second rising edge of IR. Then, the parameter 
tOPH is no longer valid, and should be replaced by the more 
applicable tORL. However, tORL pertains to cases where SO 
arrives substantially after OR. If the rising edges of.IR and OR 
are close to one another, then the applicable value may lie 
somewhere inbetween tORL and tOPH. To be safe, merely take - 
the greater of these two values. | 


The same reasoning applies for the breakdown of the 
fundamental assumption of Case 4. The following is a simple 
worst-case expression for fMAX at each operating condition: 


1/fMAX(we) = mes Siitiney Ona Sondme ae : 
a ? 


where: | . Pg 
tVSIRL(max)=Max{tiRLtiPH} [12], 
tVSORL(max)=Max{tORL toPH} [12c]. 


Note that using the results of Cases 3 and 4 produced equation 
[12] which bears great resemblance to the more accurate 
expression in [11]. One strategy for dealing with cascadability 


‘is to design a FIFO with “flat” tVSIRL, tVSORL, t(R)IDS, etc., 


characteristics. This eliminates the dependence on signal 
phase, and fMAX can be expressed exactly as: 


TAMAX = Max{tiRLHORH:tORL+IRH} [13]. 


Such a strategy provides a more reliable cascade interface, . 
and is well worth the price of a lower fMAX. 


It should be noted that the natural frequency at each operating 
condition (VCC, temperature) is unique, and is the limiting 
frequency regardless of how it is approached, whether by 
fallthrough or by bubbleback. Consider the following figure. 


DATA IN 


5 15 
MHz. MHz 
eg ge 
=e | 
mine ee 10MHz 
| NATURAL 


FREQUENCY 
Two 64x5 FIFOs. 
B Is Half Full 


Before Switching DATA OUT 


Figure 12. Approach of fax from Fallthrough _ 


Let us say that the natural frequency of the cascade interface: 
between A and B is 10 MHz. Data is shifted at low frequency 
into A, and falls through to B, until B is one-half full. The 
two-device buffer is then operated for a while with the input, 
output, and interface working at 5 MHz. . 


Then, the input and output frequencies are raised to, say, 15. 
MHz. Immediately thereafter, the composite buffer will con- 
tinue to function, since the input and output circuitry of a FIFO. 
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can usually operate at frequencies above the natural fre- 
quency. The cascade interface, however, will be limited to a 
rate of 10 MHz. Eventually, the bottom part will empty, and the 
top part will fill. A cascade limited bottleneck occurs, limiting 
the overall throughput rate to 10 MHz. Data words from the 15 
MHz input stream will be intermittently read at a 10 MHz rate, 
causing a loss of data. 


At some point in time between the frequency increase and the 
bottlenecking, there will be five or so words in the top part, and 
twenty-seven or so (half of 64, minus 5) words in the bottom 
part. The FIFOs will no longer be in fallthrough mode, since 
there is more than one word in the upstream part, and more 
than one vacancy in the downstream part. The natural 
frequency mode will have been entered, and the interface will 
carry data as fast as possible. 


A similar example can be drawn for these FIFOs, with the 
composite buffer initially three-fourths filled. Eventually, the 
top part will fill and the bottom part will empty. At some point in 
between, the FIFOs will no longer be in bubbleback mode, but 
in the natural frequency mode, because there will exist more 


than one vacancy in the downstream part and more than one 
word in the upstream part. The overall steady state throughput 
rate will again be limited to 10 MHz. 


In each of the above cases, the composite buffer went from 
either fallthrough or bubbleback mode to the natural frequency 
mode (where both parts were neither full nor empty), then on to 
an interface limited natural frequency mode, subject to 
throughput-related errors. 


Regardless from which direction the natural frequency was 
approached, this frequency must be unique since it represents 
the case where the upstream part contains more than one word 
and where the downstream part contains more than one 
vacancy. When this happens the interface has no dependence 
on what is happening at the system input and output ports and 
shifts data across it at the maximum possible rate. 


The maximum operating frequency of a cascaded FIFO must 
therefore be specified lower than the worst-case natural 
frequency in order to avoid asynchronously induced 
bottleneck errors. 
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MMI Package 


Thermal Characteristics 


Introduction 


Thermal resistance for a packaged integrated circuit determines 
the operating temperature and hence the performance and life- 
time of the semiconductor device. For this reason, itis of interest 
to know the thermal resistance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal resistance in the form of Rg ;- (resist- 
ance from junction to case) and Rg JA (resistance from junction 
to ambient) as a function of air movement over the package/- 
board combination. 


Use of Monolithic Memories Data 


In this publication, data is presented for a variety of packages 
and ambient conditions. In order to simplify the data presenta- 
tion, graphs of Rg yp vs. airflow are provided for packages in 


common use. These include socket-mounted pin grid arrays, 
dual-in-line p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless-chip carriers and plastic 
leaded chip carriers. 


Resistance from junction to ambient (Rg JA) is a package 
geometry and die size related function. The user need only look 
up the package type and die size for the air-flow used. Since the 
Re JC is largely dependent on the package type and die size, a 
table has been constructed for easy use. 


Notes on the Tabulated Data 


1. All side-brazed, cerdip-sealed, molded dual-in-line and pin 
grid array packages were mounted in zero insertion force 
sockets with 40 mils air gap and transverse to the airstream. 


2. Allcerpacks, flatpacks, LCC, PLCC and SOIC packages were 
board mounted in direct contact with a double-sided fiber- 
glass-epoxy composite printed circuit board. 


3. For measurement of Rg jo, all packages were immersed in a 
constant temperature fluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 


10261A 
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20 Lead Molded DIP (20N) Packages 24, 28 Lead Molded DIP 
(24N, 28N) Packages — 
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*These are typical values for the given die size. 


40, 48 Lead Molded DIP (40N, 48N) Packages 
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*These are typical values for the given die size. 
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Plastic Leaded Chip Carrier Small Outline (20SG, 24SG) Packages 
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20 Lead Cerdip (20J) Packages 
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* These are typical Valdas for he given die size. 


*These are typical values for the given die size. 
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24 Lead Cerdip (24J, 24JS) Packages 
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* These are typical values for the given die size. 


20 Leadiess Chip Carrier 
(20L) Packages 
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* These are typical values for the given die size. 


40 Lead Cerdip (40J) Packages 
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* These are typical values for the given die size. 
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Leadless Chip Carrier 
(44L, 52L) Packages 
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*These are typical values for the given die size. 


Pin Grid Array (68P, 84P) Packages 
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* These are typical values for the given die size. 


Leadiess Chip Carrier 
(G8L, 84L) Packages 
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* These are typical values for the given die size. 
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Thermal Resistance Measurement Procedure 


Definition 

Thermal resistance of a semiconductor device is a measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
point per unit power of dissipation or it may be described by the 
formula: 


Ra yp = Thermal resistance, junc- 


Ty-TR tion to reference point, in 
Ra jr = 7 : °C/watt 
P ‘Ty | =Junction temperature in °C 
TR  =Reference point tempera- 
ture in °C 
P = Power dissipation 


Thermal Measurement Technique 
Thermal resistance is measured using the temperature sensitive 
parameter (TSP) method. This method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measure the average die temperature. Thermal 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study, 
thermal test chips are used. ; 


Each test chip consists of sensing elements and a heating ele- 
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysilicon resistor which cov- 
ers 95 percent of the die surface area. The resistor extends 
underneath the bond pads but not the sensing elements. 


Initially, diodes are forward biased to a low level current source 
(50 A) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 
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state junction temperature is calculated from the calibration 
data. 


For the Rg y, measurement the device is putin a wind tunnel. The 
air speed is adjustable from 0 to 1000 feet/min. The use of a wind 
tunnel allows us to graph the Rg JA VS: air flow velocity. Average 
junction to case thermal resistance (Rg J ) is measured by 
immersing the package ina constant temperature fluorinert bath 
and sensing steady state junction temperature with case 
temperature being measured at the bottom of the package. 


Summary 


The thermal resistance measurement can be summarized as 
follows: 


1. Calibration of the voltage drop across the sensing element 
with respect to temperature. This is done by measuring the 
voltage drop at several different temperatures with the heat- 
ing power off. 


2. Measurement of voltage drop across the sensing element 
under operating conditions, under various air flow rates 
(from 0 to 1000 linear ft/min.), while measuring °C ambient 

and power input for calculation of Rg ya. 


3. Measurement of voltage drop across the sensing element 
under operating conditions, package immersed in constant 
temperature fluorinert bath, while measuring the case temper- 
ature at the bottom of the package and power input for 
calculation of Rg jc. The readings are recorded when the 
package has reached thermal equilibrium. 


4. Calculation of thermal resistance 


Ty-T 
Aa b. Rayo = 
P P 


Ty-Tc 
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Abstract 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


Definition of Thermal Resistance 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, ‘knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design.'In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


Ty= Tx +Pp Oy ~ (1) 


where: T,; = junction temperature 
Tx =reference temperature 
Pp = power dissipation 
6x = thermal resistance 
X =some defined test condition 


In general, one of three conditions is defined for measurement 
of thermal resistance: 


Vic - thermal resistance measured 
with reference to the tempera- 
ture at some specified point on 
the package surface. 


Bsa — thermal resistance measured 
(still air) with respect to the temperature 
of a specified volume of still air. 
bsp - thermal resistance measured 
(moving air) with respect to the temperature 


of air moving at a specified ve- 
locity. 


The relationship between 6), and 6,, is 
By = Iie + Ocn 


where 6., is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 6), is 
dependent solely on material properties and package geome- 
try; 0,, includes the influence of the surface area of the 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera- 
ture dependent. For alumina and silicon, two common pack- 
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 


L 
o=——— : (2) 
K(T)A 
where:L =length of the heat flow path 
A =cross sectional area of the heat flow path 
K(T) = thermal conductivity as a function of tem- 


perature 


and the overall thermal resistance of the assembly (discount- 
ing convective effects) will be: 


La 
KA, 
but since the heat flow path through a component is influ- 


enced by the materials surrounding it, determination of L and 
A is not always straightforward. 


0=26,=2 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


84x 


the relationship between P, and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T, must increase and, since the individual @, will 
also increase with temperature, the increase in T, will not be a 
linear function of increasing power levels. 


1 1 
Pa= a M-TH) = Se Ts- Td (3) 
N 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
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specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 


transfer of heat out of the silicon die. Indeed, it seems likely 


_ that the initial thermal response of a.powered device can be 
directly related to the quality of the die attach bond. 


Experimental Method 


The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive Parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the, die yields a weighted average of the condition of 
the individual junctions across the die surface. Measurement 
of a more local source would yield a. less generalized result. 


For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 KQ resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
into mulitple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored» as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 


ale Al mo. x ae 
Vo- V; AV ax A ) oo 


"in units of °C/mV. For most diodes. used for. this test the 
-voltage/temperature relationship is linear and these two 


measurement points are sufficient to determine the calibration. — 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 


Ke(Ve-V\) KAV 
Vil Pp 


where: Ke = calibration factor 
V, = initial forward voltage value 
Ve = Current forward voltage value 
Vy = heating voltage 
ly =heating current 


(5) 


jx 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 


When the end result desired is 6,, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For 64, 
measurements: the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require- 
ments for measurement of 0,4 (moving air) are rather more 
comple x and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


_ VOLTAGE © 


vi 


CURRENT | 
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AMD Package Thermal Characteristics 


Experimental Results 


The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 


preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 


Updated data will replace the data in this table as each device is measured or revised data becomes available. 


Thermal Resistance of AMD Products 


(Notes 1, 2 and 3) 
PIN PACKAGE TYPE 
COUNT | COUNT | ——s(Note#) Tt 4) 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 
Ceramic LCC 
Plastic LCC* 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 


Ceramic LCC CR CR 
Plastic LCC* 58 CR 


Notes: 


1. Representative values for each package type — for information only. 

2. Any given device may differ from these values. Consult local AMD sales 
office for specific-device information. 

3. CR = Consult local AMD Representative. 

4. DIP = Dual-In-Line Package 
LCC =Leadless Chip Carrier 
LCC* = Leaded Chip Carrier 


Table 1. 
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MMI Package Outlines 


Package Drawing 


Molded DIP 


DIE PAD BONDING WIRE 


PACKAGE BODY 
LEAD FRAME 
DIE (DEVICE) 
LEAD FRAME BONDING WIRE PACKAGE BODY 
Copper Alloy 194. — 1.0 Mil Gold Wire. Thermoset Plastic. 
Copper Alloy Tamac 5. 1.25 Mil Gold Wire. 
1.30 Mil Gold Wire. 
LEAD FINISH DIE PAD DIE BOND 
Solder Dip. Spot Silver Plating Silver Filled Epoxy. 


(150 Micro-Inches) 


10745A 


10257A . - ce 
JANUARY 1988 | 6-3 


Package Outlines 


Package Drawings 


20N Molded DIP 
(1/4"x1") 


PIN NO. 1 
IDENTIFIER 


.060 
= DIA 
ao we VERSION 2 
PIN NO. 1 —_———— 
IDENTIFIER VERSION 1. 035. mn soot Bae 
| 7.772 + .254 
1.020.015 .130 .258 + .012 
25.908 + .381 3.302 mI 6.553 + .305 
.130 + .010 \ 
3.302 + .254 t 
.280 + .010 : 


7.112 + .254 


; a 
.150 Le DETAILA = -011 + .002 a a ax 
—>— REF .279 +.051 
3.810 
.100 aes .060 + .004 .360 + .025 
2.540 1.524 +.102 Va ie z Tl 9.144 + .635 
040 | | | |g 2018 + .004 a 
1.016 457 +.102 fn. 
er aS Yad 
Ne : L 
z 015 MIN 
(MINIMUM GAP, PACKAGE 
040 TO .042 REF LINE) 
| | 042 
A REF 
DETAIL A 
UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 
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Package Outlines 


Package Drawing 
.060 
Se —— 
40N Molded DIP 1.524 
(9/16"x2-1/16") 
AA AAAAAAAAAAAAAAAAAF (1104, 
40 21 | 
{! 
PIN #1 7 
SS REF ee IDENTIFY 3048 D'A 
O 20 
TJ Uy EJ LU LJ CJ LU CS CU) LJ CJ LJ) LJ CJ LCI CJ CJ CJ CJ CI 
YW VW NV NS NK Yr ON NN I NF NE NV OV OY OY OY OY OV OV 
PIN #1 IDENTIFY 
VERSION 1 VERSION 2 
« 2.056 + .015 
§2.222 + .381 
-130 + .010 
3.302 + .254 
-300 + 010 OEE ELT Ty ee ek 
7.620 + .254 
3.810 HEL __ 100 - .040 | 2018 + .004 -050 + .004 . 
2.540 1.016 4957 + 457 +.102 1.270 +.102 
- -600 
15.240 
.150 .548 + .012 
3.810 13.919 + .305 
™~ 
UNLESS OTHERWISE SPECIFIED: as 10° TYP 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
| a - 11° 
REF.(2) 


ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 


ALL TOLERANCES ARE : .007 INCHES 
.011 + 002 » | a hes ae 
1279 +.051 660 +025 
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Package Outlines 


Package Drawing 


24NS Molded SKINNYDIP 
(1/4"x1 3/16") 


.070 
1.778 a 


i] 
060_ ni, U PIN NO. 1 
1.524 IDENTIFIER 
PIN NO. 1 are 2035, VERSION 2 
IDENTIFIER 889 —_ 
VERSION 1 . | | 306 +.010 
| ° , T 7.772 +.254 
| 1.196 + .015 _ 258 + .012 
—S "oa, 9°. °° \ (eo 6.553 +.305 
30.378 +.381 ”\ hen 
Sot eee ita 130+ .010_ fae at | 10° TYP 
4 I) | 3.302+ .254 i 
.130 a 4 
3.302 5° - 12° 
REF.(2) 
1279 +.051 
.360 + .025 
: 9.144 + .635 
aaa i = Sees 1 hl et a UNLESS OTHERWISE SPECIFIED: 
aoa ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
Notes: ALL TOLERANCES ARE + .007 INCHES 
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1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 


2. Both version 1 and version 2 configurations are manufactured interchangeably. 
3. Ejector pin marks on version 1 are optional. 


Package Outlines 


Package Drawing 


Ceramic DIP 


CAVITY BONDING WIRE 


AAAAAAAA cap 
pleats, i” 

NAA 

= 

/\ 

BASE 
LEAD FRAME 

DIE (DEVICES) 

LEAD FRAME | BONDING WIRE CAP AND BASE 
Alloy 42 1.25 Mil Aluminum Pressed Alumina 
GLASS CAVITY LEAD FINISHES 
Vitreous Gold Over Alumina Solder DIP Over 

Solder Glass For Eutectic Die Attach Matte Tin Plate 
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Package Outlines 


Package Drawing 


20J Ceramic DIP 


Mil-M-38510, 
Appendix C, D-8 


pene | owe .018 + .004 
-457 + .102 


aS 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 


060 + .004 ee << 005 
1.524 + .102 127 
311 
7.899 
060 | 
1,524 962 + .025 285 + 022 
24.435 + .635 ' | 7.239 + 559 
015 sary 200 spay 158 + 016 
381 5.080 4.013 + .406 | 
325+ .025 
8.255 + 635 a | 
ma ma 100 038 + .065 rE “ 011 + .003 Gee 
4.064 . UN aa as +; . aE —»|I|<— REF. (2) 
2540 99°) I 965 2 1.651 279 + .076 ie 
075 | 375 + 025 
>| |< 28 max 9.525 + .635 
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Package Outlines 


Package Drawing 


24JS Ceramic SKINNYDIP 


Mil-M-38510, 
Appendix C, D-9 
as .018 + .004 
457 + .102 
UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 

056+ .004 es | |e 020 win 
1.422 + .102 508 
311 
.060 2311 
1.524 MAX 1.258 * 022 7.899 zi 
ee OO 200 158 + .016 .293 + .012 
915 Min 91.953 + .635 5.080 4.013 + .406 7,442 + .305 
381 MAX 
.325 + .025 
8.255 + .635 We 
_.098 .100 _.038 + 065° AAS 2020 011 + .003 2° — 13° 
mL pres 100 5 3.683 +.508 011+ .003 _ 
2.064 MIN 2.489 2540 °S¢ 965 + 1.651 279+.076 We > 
MAX 
375 + .025 
9.525 + .635 


Notes: 
1. Specified body dimensions allow for differences between MSI and LSI packages. 


2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Outlines 


Package Drawing 


40J Ceramic DIP 
Mil-M-38510, 
Appendix C, D-5 


018 + .004 ag -2055 + .004 << 020 
457 + — 1.397 + .102 : a) .508 


2.058 + .025 
MAX 52.237 + .635 


160 agin nee . . 145 + .020 
4.064 098 _ 038 + .065_ 100_ 3.683 + .508 
oO | ee | 965 + 1.651 2540°°° 
611 
15.519 
554 +.044 


14.072 + 1.118 


_-158 + 016 
4.013 + 406. 
— 11° ee 
011+ 003 _ ii] TEE (2) ~ 
279 + .076 


__:670 + .040 
17.018 + 1.016 016 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 


10753A 
Notes: 


1. Specified body dimensions allow for differences between MSI and 
LSI packages. 


2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Outlines 


Package Drawing 
20Q Window CERDIP 


20 


.018 + .004 .483 + .013 
.457 + .102 12.268 + .330 .145 + .010 
| 3.683 + .254 


170 060 + .004 | 005 san 
4.316 PA —*| | ~T5242.102 ~ 127 
060 
1.524 MAX 
015 311 
367 MIN : 7.899 
Ne OOS OR ee .285 + .022 
24.435 + .635 7.239 + 559 | | 
200 
MAX 
325 + .025 i ae | 
8.255 + .635 —_——— 
158 + .016 
7 4.013 + .406 2° -13° REF 
011+ .003 | | ee \/ 
160 wa __ 100 B56 2791.076 ‘|i 
4.064 2.540 2375 + .025 
040_ .075 2145 + .020_ 9.525 + .635 
~| I 1.016 1.905 MAX | |“ 3.683 + .508 : 6 
UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
‘ater ALL TOLERANCES ARE +.007 INCHES 
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Package Outlines 


Package Drawing 


24.QS Window CERDIP 
(5/16” x 1 1/4”) 


018 + .004 | 628 + .012 
457 +.102 = | 5.951 + .305 : 147 + .010 
| 3.683 + .254 
24 13 | 
1 we 12 , 
170 .056 + .004 | | 020 
aut DIAS 2056 + 004 sec) Mage ee 
4.138 1.422 + .102 508 
.060 
1.524 MAX 
.015 311 
381 MIN “—~7.899 
+.022 2158 + .016_ 
[Sener COIR fick fey : 4.013 +.406 293 +.012 
31.953 + .559 7.442 + 305 
635 
325 + .025 ———_+— E | 
8.255 + .635 ca 
011 + .003 | | e a leer 
-160 -100 BSC .098 .279 + .076 
4.064 sacs -254 7 2.489 “AX | ag 2375 +025 
— 040_ | 145 + .020_ 9.525 + 635 
1.016 3.683 + .508 
UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
10755A ALL TOLERANCES ARE +.007 INCHES 
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Package Outlines 


Package Drawing 


Plastic Leaded Chip Carrier 


DIE (DEVICE) 


BONDING WIRE 
LEAD FRAME 


DIE PAD 


PACKAGE BODY 
LEAD FRAME BONDING WIRE PACKAGE BODY 
Copper Alloy 195. 1.25 Mil Gold Wire Thermoset Plastic. 
Copper Alloy Tamac 5. 
LEAD FINISH ' DIE PAD DIE BOND 
Tin Plating. Spot Silver Plating Silver Filled Epoxy. 


Solder Dip. (150 Microinches). 
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Package Outlines 


Package Drawing 


20NL Plastic Leaded Chip Carrier 
(.351” x .351") 


-030 DIA PIN NO. 1 


045 : 010 = .002 
762 IDENTIFY 1.143’ ° ~| >| "254 - 051 
.045 x 45° 
1.143 
.310 
7.874 
050 
7g BSC TYP —_)) 
pea = .030 
762 
.070 
aia 1.778 
.018 + .003 +, 
ae +076 \P 100 ~ .005 
: 2.540 - .127 
‘ 172 
“~~ 4.369 
029 + .003 
737 + .076 ma 
TYP | 130 _ pia 
eee ea 3.302 
f ie (EJECTOR PIN) 
.010 
= x 45° 
ie o54 * 45° (3) 
UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
10757A ALL TOLERANCES ARE + .007 INCHES 
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Package Outlines 


Package Drawing 
28NL/FN Plastic Leaded Chip Carrier 


(.451” x .451”) 
.030 DIA PIN NO. 1 . 
\ .762 IDENTIFY 045, 45° hae | : .010 + .002 
a fae ta alee a ee ee oe 1.143 Sy, ‘| .254 + .051 
.045 saul O ee lew 
1.143 7 2 
.453 + .003 
eens . .076 410 
-10.414 
.490 + .005 
12.446 + .127 
sQ 
.050 
am B 
1.270 sere 
.030 
.762 
.070 
1.778 
.018 + .003 
a .100 + .005 
457 © 076 2.540 + .127 
.172 
aa} 4.369 
eo DIA 
ae 
026 + .003 EJECTOR PIN 


TYP 
711 + .076 | (NOT A WINDOW) 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
10758A ALL TOLERANCES ARE + .007 INCHES 
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Package Outlines 


Package Drawing 


44NL Plastic Leaded Chip Carrier 
(.650" x .650”) 


77 5° 


030 PIN NO. 1 010 + + ,002 
762 \DENTIFY 045, =i es 254 + .051 
ie 1.143 * 4 | pe 
.653 + .003 
16. an + .076 
.610 
15.494 
_ 690 + .005__ 
77.526 + .127 
sa 
| a~w| |< -090. 
083 .762 
on sae DIA (2) (EJECTOR PIN) 
72.700 REF SQ ————> .070 
ae “ 1.778 
isteislelslelelelelel cecil <> 2500 2 127 
LPS, eee et 
ae 
pies 
a a 172 
EJ 43 
= as 
[a ) 
026 + .003 a pea 
= E 
660 + .076 __ 125 + .005 (2) 
| E = 3.175 + .127 
a=] (EJECTOR PIN) 
ae 
| _——_ 
apa 
a 
2 se 
LA 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. ININCHES | 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
10759A ALL TOLERANCES ARE + .007 INCHES 
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Package Outlines 


Package Drawing 
20SG Small Outline Package 


.016 
-406 


.029 : _ 050 5 
737 1.270 © 


enn eaREtES 
UE 


F alt 
2.565 5°TYP a = 010 
508 015 y 032-254 
12.903 “387 813 
: 328° | 
. 8331 


iT ar 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 
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Package Outlines. 


Package Drawing 
24SG Small Outline Package 


029 050 


BSC 
737 1.270 


.092 


$$, 
LJ LJ LJ L_] L_] L_J LJ LJ Lj LJ LJ = | 


=r 


.101 
2.565 
aa 015 sang : | 032 
.381 813 
.328 : | 
8331 
.406 
10.312 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES » 
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Package Outlines 


Package Drawing 


Leadliess Chip Carrier 


ah / SEAL RING 


PACKAGE BODY 


CAVITY 


LID 
TERMINALS 
PACKAGE BODY . . LID TERMINALS 
Alumina Gold Plated Kovar With Gold Plating Over Tungsten 
(Standard Dark) Nickel Underplating 
BONDING WIRE CAVITY/SEAL RING 
1.25 Mil Aluminum Gold Over Nickel 
Over Tungsten 
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Package Drawing 


20L Leadless Chip Carrier 
Mil-M-38510, 
Appendix C, C-2 


350 + 


Package Outlines 


+ 003 
035 002 
+ 076 
889 © 051 


SST 215 syn <i 


025 + .003 
———— TYP (20 
015 .635 + .076 (20) 


20 


P BaP 
<—<—-—— fH to | 
was 
wo); 
o 
zal 


2.540 
one REF . BSC 
8.890 + .203 ° 

TOP VIEW 
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1.524 + .152 


BOTTOM VIEW 


-060 + .006 


“CONTACT FACTORY 
FOR THIN PROFILE PKG. 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 


ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE + .007 INCHES 


040... 075 ; 100 
1016 9) = 99g REF 


020 


Oy 45° 
IDENTIFY Ene 
2 REF 


.085 - .008 
2.159 + .203 


.014 + .008 


-356 + .203 


.050 = .005 
1.270 = .127 
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Package Outlines 
Package Drawing 


28L Leadiess Chip Carrier 
Mil-M-38510, 
Appendix C, C-4 


PIN #1 


IDENTIFY 
085 + .008 


a <2 159 + .203 


| 
le 
: 
8 


—> 


300 Cc .014 + .008 
7620 > } 356 * .203 
3400 PEF f 
; 025 + .003 
Be + 076 
___¥_Typ 


one 2050: | 075 
_-—— —___- °(3 R 
1016 “°° ) 1270" | 1.905 "EF 
.450 + .008 REF 150. 
+—___- = _sq—__» 
11.430 + .203 i 
TOP VIEW 


.009 + .006 
.127 + .051 
008 
+ 203 | 


050 ~ .005 

1.270 ~ .127 

TYP 
060 + .006 * o72+. 
es rea, 1829 » 203 BOTTOM VIEW 
Notes: 
*CONTACT FACTORY 
FOR THIN PROFILE PKG 
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AMD Package Outlines 


PHYSICAL DIMENSIONS* 
PD 048 


PID# O6566C 


SD 048 6 


PID# 07546 


*For reference only. All dimensions are measured in inches. BSC is an ANSI standard for Basic Space 
Centering. 
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Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance 
characteristics. The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and 
other practices common to the industry. For specific testing details, contact your local AMD sales representative. The company 
assumes no responsibility for the use of any circuits described herein. 
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